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Missing a Pulse Can Be Deadly.

• Real-Time Power Processing™  for gap-free analysis

• 100 MSa/sec SUSTAINED sample rate is world’s fastest

• 10 GSa/sec effective rate for superb waveform fidelity

• <5 ns risetime and 70+ MHz video bandwidth

• 100 ps time resolution for enhanced trigger stability   

• Triggered acquisition speeds over 40,000 sweeps/sec

• Capture and analyze data more than 100x faster 
   than conventional power sensors

For more information visit us at boonton.com or call 
+1 973-386-9696.

Capture every pulse with no missed glitches. The 
new 55 Series delivers unsurpassed speed and 
accuracy for the most demanding RF power mea-
surements thanks to Boonton’s Real-Time Power 
Processing™ technology. With this revolutionary 
technique, all processing steps take place in parallel, 
guaranteeing gap-free signal acquisition and reliable 
capture of all transients, dropouts or interference. 

Taking Performance to a New Peak.

Boonton

The Smartest, Fastest and Only
 Real-Time USB Peak Power Sensor.
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POWER
SPLITTERS

COMBINERS
 as low as79 ¢

from2 kHz to18 GHzNOW!

The Industry’s Largest Selection includes THOUSANDS  
of models, from 2 kHz to 18 GHz, at up to 300 watts power, in coaxial, 

flat-pack, surface-mount and rack-mount housings for 50 and 75 Ω systems.
From 2-way through 48-way designs, with 0°, 90°, or 180° 

phase configurations, Mini-Circuits power splitters/combiners  offer 
outstanding performance for insertion loss, isolation, and VSWR. 

Decades of experience with multiple technologies make it all possible, from 
core & wire, microstrip, and stripline, to semiconductors and LTCC ceramics.

Get easy-to-find, detailed data and performance curves, S-parameters, 
outline drawings, PCB layouts, and everything else you need to make a decision 

quickly, at minicircuits.com. Just enter your requirements, and our patented search 
engine, Yoni 2, searches actual test data to find the models that meet your needs.

All Mini-Circuits catalog models are in stock, 
continuously replenished, and backed by our 1-year guarantee. We even list 

current stock quantities and real-time availability, as well as pricing, to 
help our customers plan ahead and make quick decisions. 

So why wait? Take a look at minicircuits.com today! 

o S
C O M P L I A N T

RoHS Compliant 
Product availability is listed on our website. 

Mini-Circuits®

www.minicircuits.com    P.O. Box 350166, Brooklyn, NY 11235-0003   (718) 934-4500   sales@minicircuits.com
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Tel:1(888)236-9828(US&Canada)
      1(630)930-9917(Worldwide) 

www.jqlelectronics.com     sales@jqlelectronics.com

Drop-in Isolators Cavity Filters Surface Mount Circulators

Waveguide Isolators Power Combiners Coaxial Circulators

Technology On the Move TM
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Control the comb. 
Control the clarity.

The sensitivity and the 

distance you’ve been 

striving for from your radar

or surveillance receiver 

is now within reach. New

GaAs comb generators

from Aeroflex / Metelics are

a best-in-class, non-linear-

transmission-line (NLTL)

innovation that provides 10

to 18 dB lower phase noise

for better sensitivity than Si

step recovery diode (SRD)

comb generators. Offering

phase noise as low as 

-135 dBc/Hz at 100 Hz 

offset from the 12 GHz 

harmonic, the MLPNC

series creates clean, low

conversion loss harmonics

to 30 GHz over variable input

frequencies from 400 to

1300 MHz. Their variable

input power from 21 to 

23 dBm make them easy 

to drive and operate. They

provide ultimate system

design flexibility and the

opportunity to simplify your

system architecture. 

Visit our website or call 

888-641-7364.

www.aeroflex.com/metelicscomb 

Non-linear-transmission-line (NLTL) GaAs Comb Generators

* Contact the factory for additional information or for products not covered in the table.

Part Number
Power (dBm)

Output Harmonics (dBm)*Minimum Maximum
MLPNC-7100-SMA850 20 @ 100 MHz 24 @ 400 MHz > -8 @ 4 GHz > -18 @ 12 GHz > -35 @ 20 GHz

MLPNC-7100-SMT680 20 @ 100 MHz 24 @ 400 MHz > -8 @ 4 GHz > -18 @ 12 GHz > -35 @ 20 GHz

MLPNC-7102-SMA800 21 @ 400 MHz 23 @ 600 MHz > -8 @ 4 GHz > -16 @ 12 GHz > -20 @ 20 GHz

MLPNC-7102-SMT680 21 @ 400 MHz 23 @ 600 MHz > -8 @ 4 GHz > -16 @ 12 GHz > -20 @ 20 GHz

MLPNC-7103-SMA800 21 @ 800 MHz 23 @ 1300 MHz > -5 @ 6 GHz > -15 @ 18 GHz > -20 @ 30 GHz

MLPNC-7103-SMT680 21 @ 800 MHz     23 @ 1300 MHz > -5 @ 6 GHz > -15 @ 18 GHz > -20 @ 30 GHz

AeroflexMetelics_Comb3 12-3-13_MJ  8/19/2014  2:55 PM  Page 1

See us at EuMW Stand 231

MWJAEROFLEX_COMB0914.indd   9 8/27/14   11:05 AM

http://www.mwjournal-digital.com/mwjournal/september_2014/TrackLink.action?pageName=9&exitLink=http%3A%2F%2Fwww.aeroflex.com%2Fmetelicscomb
http://www.mwjournal-digital.com/mwjournal/september_2014/TrackLink.action?pageName=9&exitLink=http%3A%2F%2Fams.aeroflex.com%2Fmetelics-micro-metelics-prods-comb.cfm
http://www.mwjournal-digital.com/mwjournal/september_2014/TrackLink.action?pageName=9&exitLink=http%3A%2F%2Fwww.aeroflex.com%2Fmetelicscomb


September 2014
Vol. 57 • No. 9
EuMW Show Issue
mwjournal.com

Publisher’s Note

20  The Mission Remains the Same...
Carl Sheffres, Microwave Journal Publisher

Cover Feature

24  European RF Defence Sensors Systems 
Challenges and Innovation
Ignacio Montiel-Sanchez, European Defence Agency

 5 7  Y E A R S  O F  P U B L I S H I N G  E X C E L L E N C E

10  MICROWAVE JOURNAL   SEPTEMBER 2014

European Microwave Week 2014

64  Welcome to European Microwave Week 2014
Roberto Sorrentino, General Chairman, EuMW 2014; 
Ivar Bazzy, President, Horizon House Publications

68  Attending European Microwave Week 2014
Richard Mumford, Microwave Journal International 
Editor

78  The 2014 EuMW Defence, Security and Space 
Forum
Richard Mumford, Microwave Journal International 
Editor

189  EuMW 2014 Exhibitor List

190  EuMW Product Showcase

CONTENTS

24

STEP 1 STEP 2
Download the free Layar app from the 
iTunes (iOS) or Google Play (Android) 

store.

Launch the app to view 
enhanced content on any page 

with the logo.

STEP 3
Frame the entire page in the screen and 

tap to experience enhancements (tap 
screen again for full screen view).

AUGMENTED REALITY: HOW IT WORKS

Refer to page 200 for this month’s participants AR pages may expire after 60 days.

Special Report

84  Microwaves in Europe: Vision 2020
Richard Mumford, Microwave Journal 
International Editor

Technical Features

100  Envelope Tracking Comes of Age on Mobile 
Handsets
Kent Nickerson, BlackBerry (MIPI Alliance Member)

114  Maximizing RF Spectrum Utilization with 
Simultaneous Transmit and Receive
Charles H. Cox III and Edward I. Ackerman, Photonic 
Systems Inc.

128  A Bandwidth-Enlarged and Isolation-
Enhanced ZOR MIMO Antenna, Shorter 
than 0.11�g 
Kyungseok Kahng, Sungtek Kahng and Inkyu Yang, 
Incheon National University; Qun Wu, Harbin 
Institute of Technology

138  6 to 26 GHz Detectors for High Data Rate 
ASK Signal Demodulation
X. Feng, Y.H. Zhang, W. Xue, H. Zhang and Y. Fan, 
University of Electronic Science and Technology of 
China

_9M04 FINAL.indd   10 8/29/14   10:55 AM

http://www.mwjournal-digital.com/mwjournal/september_2014/TrackLink.action?pageName=10&exitLink=http%3A%2F%2Fmwjournal.com
http://www.mwjournal-digital.com/mwjournal/september_2014/TrackLink.action?pageName=10&exitLink=http%3A%2F%2Fmwjournal.com


ROME, ITALY
5-10 OCTOBER 2014
www.eumweek.com

EuMW 2014
CONNECTING THE FUTURE

Scan page
using           app

MWJAWR0914.indd   11 8/27/14   8:32 AM

http://www.mwjournal-digital.com/mwjournal/september_2014/TrackLink.action?pageName=11&exitLink=http%3A%2F%2Fawrcorp.com%2FtryAWR
http://www.mwjournal-digital.com/mwjournal/september_2014/TrackLink.action?pageName=11&exitLink=http%3A%2F%2Fwww.eumweek.com


17	 Mark Your Calendar
18	 Coming Events
45	 Defense News
49	 International Report
53	 Commercial Market
56	 Around the Circuit

184	 Web Update
198	 Book End
200	 Ad Index
200	 Sales Reps
202	 STEM Works

12 	 MICROWAVE JOURNAL n  SEPTEMBER 2014

Product Features

	154	One-Slot PXI Vector Network Analyzer
Keysight Technologies, formerly Agilent Technologies electronic measurement 
business

	162	Multiport Connectors Evolve	
Spectrum Elektrotechnik GmbH

	168	Field-to-Lab Virtual Drive Testing Tools	
Anite

	172	Compact and Portable Antenna Measurement Tool	
Microwave Vision Group (MVG)

Tech Briefs

178		700 to 2700 MHz Rack Mount 100 W Amplifier
Mini-Circuits

180		High Performance RF/Microwave Cable Assemblies
Maury Microwave 

182		High Spectral Purity Synthesizer
Holzworth Instrumentation

	182	Handheld Microwave Spectrum Analyzer	
SAF Tehnika JSC

Departments

CONTENTS

Microwave Journal (USPS 396-250) (ISSN 0192-6225) is published monthly by Horizon House Publications Inc., 685 Canton St., 
Norwood, MA 02062. Periodicals postage paid at Norwood, MA 02062 and additional mailing offices.

Photocopy Rights: Permission to photocopy for internal or personal use, or the internal or personal use of specific clients, is 
granted by Microwave Journal for users through Copyright Clearance Center provided that the base fee of $5.00 per copy of the 
article, plus $1.00 per page, is paid directly to the Copyright Clearance Center, 222 Rosewood Drive, Danvers, MA 01923 USA 
(978) 750-8400. For government and/or educational classroom use, the Copyright Clearance Center should be contacted. The rate 
for this use is 0.03 cents per page. Please specify ISSN 0192-6225 Microwave Journal International. Microwave Journal can also be 
purchased on 35 mm film from University Microfilms, Periodic Entry Department, 300 N. Zeeb Rd., Ann Arbor, MI 48106 (313) 
761-4700. Reprints: For requests of 100 or more reprints, contact Barbara Walsh at (781) 769-9750. 

POSTMASTER: Send address corrections to Microwave Journal, PO Box 3256, Northbrook, IL 60065-3256 or e-mail  
mwj@omeda.com. Subscription information: (847) 291-5216. This journal is issued without charge upon written request to quali-
fied persons working in the RF & microwave industry. Other subscriptions are: domestic, $120.00 per year, two-year subscriptions, 
$185.00; foreign, $200.00 per year, two-year subscriptions, $370.00; back issues (if available) and single copies, $10.00 domestic and 
$20.00 foreign. Claims for missing issues must be filed within 90 days of date of issue for complimentary replacement. 

©2014 by Horizon House Publications Inc.
Posted under Canadian international publications mail agreement #PM40612608

mwjournal.com STAFF

Publisher:  Carl Sheffres  
Editor:  Patrick Hindle 

Technical Editor:  Gary Lerude 
Managing Editor:  Jennifer DiMarco 

Associate Technical Editor:  Cliff Drubin 
Multimedia Staff Editors:   

Barbara Walsh and Leslie Nikou 
Consulting Editor:  Harlan Howe, Jr.

Consulting Editor:  Frank Bashore 
Consulting Editor:  David Vye

Consulting Editor:  Raymond Pengelly 
Web Editor:  Chris Stanfa
Client Services Manager: 

Kristen Anderson 
Audience Development Manager:  

Carol Spach
Traffic Manager:  Edward Kiessling

Director of Production & Distribution:   
Robert Bass

Art Director:  Janice Levenson
Graphic Designer:  Sachiko Stiglitz

EUROPE

International Editor:  Richard Mumford
Office Manager:  Nina Plesu

CORPORATE  STAFF

CEO:  William M. Bazzy
President:  Ivar Bazzy

Vice President:  Jared Bazzy

Editorial Review Board

Dr. I.J. Bahl
F.M. Bashore
Dr. C.R. Boyd
M. Goldfarb
J.L. Heaton

Dr. G. Heiter
H. Howe, Jr.
Dr. T. Itoh

Dr. J. Lasker
Dr. S. Maas

Dr. G.L. Matthaei
Dr. D.N. McQuiddy
Dr. J.M. Osepchuk

R. Pengelly
Dr. Ajay K. Poddar

Dr. J. Rautio
Dr. U. Rohde

Dr. P. Staecker
F. Sullivan

D. Swanson
Dr. R.J. Trew
G.D. Vendelin

D. Vye
Prof. K. Wu

Executive Editorial Office:
685 Canton Street, Norwood, MA 02062

Tel: (781) 769-9750
FAX: (781) 769-5037

e-mail: mwj@mwjournal.com

European Editorial Office:
16 Sussex Street, London SW1V 4RW, England

Tel: Editorial: +44 207 596 8730  Sales: +44 207 596 8740
FAX: +44 207 596 8749

www.mwjournal.com

Printed in the USA

_9M04 FINAL.indd   12 8/27/14   2:30 PM

http://www.mwjournal-digital.com/mwjournal/september_2014/TrackLink.action?pageName=12&exitLink=mailto%3Aqualimwj%40omeda.com
http://www.mwjournal-digital.com/mwjournal/september_2014/TrackLink.action?pageName=12&exitLink=http%3A%2F%2Fmwjournal.com
http://www.mwjournal-digital.com/mwjournal/september_2014/TrackLink.action?pageName=12&exitLink=mailto%3Amwj%40mwjournal.com
http://www.mwjournal-digital.com/mwjournal/september_2014/TrackLink.action?pageName=12&exitLink=http%3A%2F%2Fwww.mwjournal.com
http://www.mwjournal-digital.com/mwjournal/september_2014/TrackLink.action?pageName=12&exitLink=mailto%3Aqualimwj%40omeda.com
http://www.mwjournal-digital.com/mwjournal/september_2014/TrackLink.action?pageName=12&exitLink=mailto%3Amwj%40omeda.com
http://www.mwjournal-digital.com/mwjournal/september_2014/TrackLink.action?pageName=12&exitLink=http%3A%2F%2Fmwjournal.com
http://www.mwjournal-digital.com/mwjournal/september_2014/TrackLink.action?pageName=12&exitLink=mailto%3Amwj%40mwjournal.com
http://www.mwjournal-digital.com/mwjournal/september_2014/TrackLink.action?pageName=12&exitLink=http%3A%2F%2Fwww.mwjournal.com


ShockLine VNAs bring simplicity to high performance measurements of passive devices 

in engineering, production and remote applications.

Learn more: www.anritsu.com/promotions/ShockLine
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in U.S.A.
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Vector Network Analysis
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The Smart Choice
for Small Spaces

Coilcraft is the brand engineers trust most
when specifying tiny inductors for wearable technology

WWW.COILCRAFT.COM

®

Boost the performance and battery life of 
your wearable products with these tiny 
RF and power inductors from Coilcraft:
• Wirewound chip inductors as small as 

0201 size for wireless communications
• Shielded power inductors as thin as 

0.71 mm for power management
• Coupled inductors as small as 2.2 x 

1.45 mm for LED display drivers

You can get started by using our suite 
of web tools to quickly locate the perfect 
inductors for your design. Compare and 
analyze multiple parts based on your true 
operating conditions, and then order free 
evaluation samples with just a click.

Learn why we’re the biggest name 
in ultra-miniature inductors. Visit us at 
www.coilcraft.com.

See us at EuMW Stand 183
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Very rarely does a new product achieve many breakthrough 
features in one model. Mini-Circuits’ TSS-53LNB+ is 
this rare exception. With ultra-wide frequency range and  
excellent gain flatness, this revolutionary amplifier is ideal 
for broadband and multi-band applications from military 
and commercial wireless to instrumentation and more!  Its 
integrated, switchable bypass circuit allows you to protect 
the LNA in the presence of large signals and extend the 
usable dynamic range – all in a tiny, 3x3mm package!   
Visit minicircuits.com for full specs and off-the-shelf 
availability for delivery as soon as tomorrow!

500 MHz-5 GHz

525 rev A

Mini-Circuits®

www.minicircuits.com    P.O. Box 350166, Brooklyn, NY 11235-0003   (718) 934-4500   sales@minicircuits.com

•  21 dB Gain in LNA Mode

•   Ultra Flat Gain, ±1.5 dB from 500 to 3500 MHz

•   Internal Bypass Switch for Large Signals

•  Low Noise, 1.4 dB

•  +21 dBm Output Power

•  +34 dBm IP3 in LNA Mode 

•  +50 dBm IP3 in Bypass Mode

•  Tiny Size, 3x3mm

LOW NOISE 
BYPASS AMPLIFIERS

RoHS compliant.

$189 ea.(qty.1000)from
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 Webinar:
 70 kHz to 145 GHz 
Broadband System 

and On-wafer 
Measurements
Sponsored by

Webinar:
VCO Fundamentals

Sponsored by

Webinar:
Techniques for 
Characterizing 
Spurious Signals

Sponsored by

Webinar:
Characterization 

and Test 
Challenges for 

MMPAs
Sponsored by

Webinar:
Dielectric 

Measurements of 
Powder Materials

Sponsored by

 OCTOBER 2014

Webinar:
Lightning and EMP 
Protection Buildings

Sponsored by

Webinar:
Mobile Phones & 
EM Interference

Sponsored by

Tucson, AZ

Baltimore, MD

ITC/USA 2014 
San Diego, CA

Sapporo, Japan

Shanghai, China

Webinar:
Simulation of 

Accelerator Components
 Sponsored by

 

 
         

Webinar:
High Frequency 

Materials + 
Characterization

Sponsored by

Defence, Security 
and Space Forum 

at  EuMW 
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The 2014 Defence, Security 
and Space Forum
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S E P T E M B E R
ION GNSS+ 2014
September 8–12, 2014 • Tampa, Fla.
www.ion.org

Super Mobility Week 2014
September 9–11, 2014 • Las Vegas, Nev.
www.supermobilityweek.com

4G World 2014
September 9–11, 2014 • Las Vegas, Nev.
www.4gworld.com

IRMMW-THz 2014
39th International Conference on 
Infrared, Millimeter and Terahertz Waves
September 14–19, 2014 • Tucson, Ariz.
www.irmmw-thz2014.org
AUTOTEST 2014 
September 15–18, 2014 • St. Louis, Mo.
www.ieee-autotest.com

O C T O B E R
EuMW 2014
European Microwave Week
October 5–10, 2014 • Rome, Italy
www.eumweek.com

MILCOM 2014
October 6–8, 2014 • Baltimore, Md.
www.milcom.org

The 2014 Defence, Security and Space 
Forum at European Microwave Week
October 8, 2014 • Rome, Italy
www.eumweek.com

AMTA 2014
36th Antenna Measurement Techniques 
Association Meeting & Symposium
October 12–17, 2014 • Tucson, Ariz.
www.amta2014.org

ITC/USA 2014
October 20–23, 2014 • San Diego, Calif.
www.telemetry.org

MWP/APMP 2014 
International Topical Meeting on 
Microwave Photonics (MWP) 
9th Asia-Pacifi c Microwave Photonics 
Conference (APMP)
October 20–23, 2014 • Sapporo, Japan
www.mwp2014.com

Call for Papers
EDI CON 2015
October 31, 2014

IMS 2015
December 8, 2014

mwjournal.com

IME/China 2014
9th International Conference & Exhibition 
on Microwave and Antenna
October 29–31, 2014 • Shanghai, China
www.imwexpo.com

N O V E M B E R
APMC 2014
Asia-Pacifi c Microwave Conference
November 4–7, 2014 • Sendai, Japan
www.apmc2014.org

electronica 2014
November 11–14, 2014 • Munchen, Germany
www.electronica.de

D E C E M B E R
Precise Time and Time Interval Systems 
and Applications
December 1– 4, 2014 • Boston, Mass.
www.ion.org/ptti

ARFTG 84th Microwave Measurement 
Conference
December 2–5, 2014 •Boulder, Colo.
www.arftg.org

J A N U A R Y  2 0 1 5
Radio and Wireless Week
January 25–28, 2015 • San Diego, Calif.
www.radiowirelessweek.org

M A R C H
Mobile World Congress
March 2–5, 2015 • Barcelona, Spain
www.mobileworldcongress.com

Satellite 2015
March 16–19, 2015 • Washington, DC
www.satshow.com

A P R I L
EDI CON 2015
Electronic Design Innovation Conference
April 14–16, 2015 • Beijing, China
www.ediconchina.com

M A Y
IMS 2015
May 17–22, 2015 • Phoenix, Ariz.
www.ims2015.org

Products 
to solutions

MMW 
Amplifiers

Ducommun has more than  
45 years of experience with the 
design, testing and manufacturing 
of standard and custom 
millimeter wave amplifiers.

CO
NT

AC
T 

USFor additional information,  
contact our sales team at  
310.513.7256 or  
rfsales@ducommun.com

W-Band Amplifier
• AFB-W20HP-01
• P1dB @ 13 dBm typ
• Gain @ 30 dB

E-Band High  
Power Amplifier
•  AFB-73062220-01 &  

AFB-83062120-01
• Covers 71-76 & 81-86 GHz
• Psat @ 21 dBm typ
• P-1dB @ 19 dBm typ

V-Band Power Amplifier
• AHP-61181628-01
• Covers 50 to 70 GHz
• P1dB @ 16 dBm typ
• Gain @ 28 dB typ

K & Ka-Band High  
Power Amplifier
• AFB-KKA30GP-01
• Covers 18 to 40 GHz
• P1dB @ 20 dBm typ
• Gain @ 30 dB typ

 Covers 71-76 & 81-86 GHz

ComingEvents
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Whether it’s designing components or engineering complete 
solutions, our worldwide design centers and technical sales 
team provide comprehensive support for your go-to-market 
strategy, from prototype to production.

Find it all at richardsonrfpd.com

Your Global Source for RF, 
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Publisher’sNote

Last month, David Vye bid fare-
well to our readers in his final 
“Editor’s Note.” After seven 

years with Microwave Journal he has 
returned to industry, to the good for-
tune of his new employer. David ac-
complished much during his tenure 
as editor, providing editorial leader-
ship and driving numerous new initia-
tives that enhanced our coverage and 
expanded our brand. In particular, his 
efforts in launching MWJ China and 
EDI CON China were critical to the 
success of those endeavors. 

I expect that our readers will miss 
David’s informative and witty narra-
tives, our clients will miss his collabo-
ration and marketing savvy and we at 
Microwave Journal will miss his ca-
maraderie and contributions.  David 
will remain associated with MWJ as 
a consulting editor, so we’ll have the 
benefit of his continued input. We 
wish him well.

I’m pleased to announce that Pat 
Hindle will take over the role of editor 
of Microwave Journal moving forward. 
Pat has served as technical editor for 
more than six years, helping lead the 
editorial direction of our publication. 
He has also been instrumental in build-
ing the digital and social media com-
ponents of MWJ that are so important 
in today’s media environment. Pat’s 

experience, industry knowledge and 
editorial vision will carry on the MWJ 
mission of delivering the most useful, 
timely and practical technical content 
for the RF/microwave engineering 
community. We’re in good hands with 
Pat at the helm. 

I’m also pleased to announce the 
newest addition to the Microwave 
Journal editorial team. His name is 
Gary Lerude, and like his predeces-
sors, Gary brings a wealth of industry 
experience and contributions to his 
new role as technical editor. Gary has 
36 years of experience as a working 
design engineer in the RF/microwave 
industry, numerous accomplishments 
in product development/management 
and vast knowledge of strategic mar-
keting and business development in 
both the commercial and aerospace/
defense sectors. As an accomplished 
technologist and writer, Gary is highly 
qualified for his new role and I know 
that he’s excited to get started. You’ll 
be hearing more about and from Gary 
in the very near future.

This issue of MWJ is our annual 
European Microwave Week show 
issue. International editor Richard 
Mumford provides his Special Re-
port on “Microwaves in Europe: Vi-
sion 2020” along with a preview of 
what attendees can expect to find at 
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The Mission Remains 
the Same… 

the conference and the exhibition. 
The conference includes the “De-
fence, Security and Space Forum”; 
a one day event addressing the ap-
plication of RF integrated systems 
to defence & security infrastructure. 
The day includes an industry panel 
session featuring industry experts, 
the EuRAD opening session, a mar-
ket analysis perspective from Strat-
egy Analytics and concludes with a 
networking cocktail reception. If you 
plan to travel to Rome in early Octo-
ber for EuMW (and I hope that you 
do), I encourage you to register for 
the Forum at www.eumweek.com. 
The exhibition is sold out and fea-
tures many of the leading companies 
in the industry. You will find the list 
of exhibitors and some of the prod-
ucts to be displayed in the back pages 
of this issue. This month’s cover fea-
ture entitled “European RF Defence 
Sensors Systems Challenges and In-
novation” is contributed by Ignacio 
Montiel-Sanchez. A mouthful for 
sure, but well worth the read.

Pat, Gary, Richard and I will be at-
tending EuMW along with the rest of 
our European team. We’ll be learn-
ing about the latest technologies and 
products from the leading innovators 
and companies in the industry. Some 
things never change. ■  

Carl Sheffres, Microwave Journal Publisher
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 Who’s going to make 
“searching for signal” 
 a thing of the past?

You and NI will.  The wireless industry is rapidly evolving. To keep pace  

with increasing standards and help usher in the next generation of 5G technology,  

NI offers fast, flexible RF hardware powered by intuitive LabVIEW software. See how  

this combination will bring clarity to communication at ni.com.
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European RF Defence 
Sensors Systems Challenges 
and Innovation
Ignacio Montiel-Sanchez
European Defence Agency (EDA), Belgium

RF sensors providing functionalities such as detection, tracking and 
identifi cation of targets and RF signals are based on a multifaceted set of 
performance technology enablers hardly imagined a few years ago. In this 
article, the challenges that the European RF Sensor Research and Technology 
(R&T) community is facing are discussed with a systems-level perspective. The 
aim is to produce RF sensor systems that comply with current performance 
demands at an adequate cost, taking into account evolving scenarios and 
fl uctuating requirements.

The way these challenges can be faced op-
timally in Europe is through the imple-
mentation of collaboration programs in 

defence R&T like those under the framework 
of the European Defence Agency (EDA). Re-
search trends related to these kinds of sensors 
and some characteristics of related program 
schemes are analyzed. The interest in stan-
dard architectures based on building blocks 
(BB) developed through system engineering 
approaches is highlighted in this article. The 
involvement of scientists and engineers must 
adequately be taken into account in order to 
optimize results and processes within the Eu-
ropean supply chain.

FROM HERTZ AND TESLA TO 
COGNITIVE, ADAPTIVE AND SELF-
LEARNING RF SENSORS

Many years ago, Heinrich Rudolf Hertz 
(1857–1894) failed to give value to his own 
experiments and discoveries, stating that they 
were of no use even when he had proven the 
existence of Electromagnetic Fields (EMF) 
previously theorized by James Clerk Maxwell. 

It is evident that he could not imagine the huge 
number of possibilities he had created for the 
future and how signifi cant his experiments 
were. Unfortunately, Hertz died very young, 
but other geniuses like Nicola Tesla (1856–
1943) were able to capitalize on several of the 
possibilities in very innovative ways.

The world has evolved much from the times 
of Hertz and Tesla. The romantic fi gure of the 
wise researcher stimulating vocations of en-
gineers and physicists is progressively disap-
pearing. Interest in technical careers seems to 
be declining in favor of more humanistic and 
chrematistic pursuits, even if the current de-
light provided by the social media comes from 
defence research.1 The number of engineers 
working on defence technologies in Europe is 
steadily decreasing and the demographic is ag-
ing. Their skills and knowledge will disappear if 
new R&T collaborative projects with clear pro-
curement paths are not established soon.

Understanding the importance of the RF 
sensors market is critical. In 2012 the revenue 
corresponding to global defence exports for ra-
dar technology exceeded $7 billion.2 An analysis 
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sensor fusion and the population of 
target databases scrutinized in near 
real-time to provide the correct iden-
tifi cation of the target type and its po-
tential for hostility.

There is an increasing need for ad-
vanced technology and information 
superiority to support future military 
operations in a fi scal atmosphere of 
reduced R&D expenditure. For the 
26 EDA pMS in 2012 this reduc-

ibility and readi-
ness. Advances in 
technology allow for 
very complex sys-
tems that can fl ex-
ibly and adaptively 
respond to new 
threats and deploy-
ment scenarios. This 
imposes challenges 
in the validation and 
verifi cation of new 
assets as a system’s 
performance may 
be downgraded or 
lose generality when 
forced to adapt to a 
new environment.

The EDA RF 
Sensors community 
is seeking systems 
that will provide sit-
uational awareness 
through more per-
sistent surveillance 
and is focusing its 
efforts on improving 
sensitivity to detect 
increasingly chal-
lenging targets in complex environ-
ments with high levels of RF interfer-
ence, spectrum regulation constraints 
and dense clutter. Some examples are 
listed in Table 1.

Beyond detection, targets must 
also be tracked and identifi ed to avoid 
fratricide in case of engagement. This 
normally requires complex algorithms 
to perform multi-tracking, including 

by Visiongain market research indi-
cates that the military radar systems 
market was valued $8.57 billion in 2013 
and an estimation of the global Elec-
tronic Warfare (EW) market is $12.15 
billion for 2014, with the expectation of 
reaching $15.59 billion by 2020.3

From the equipment perspec-
tive, the explosion in performance 
provided by devices like ubiquitous 
FPGAs, GPUs “spawned by the $80 
billion video gaming industry4” and 
ASICs makes it possible to incorpo-
rate increasingly closer to human be-
haviors with progressively decreasing 
size, weight, power and cost (SWaP-
C). The ability to adapt to the envi-
ronment and self-learn will provide a 
strong tool to the systems of the next 
generation coping with the challenges 
imposed by the threat evolution.5

THE DEFENCE ENVIRONMENT 
AND ITS CHALLENGES IN 2014

The concept of defence has cer-
tainly evolved, but military capabili-
ties must adapt to current scenarios, 
many times mixing with civil or more 
precisely, security capabilities. For the 
last 50 years military concepts have 
been based on conventional warfare, 
relying on deterrence as the principal 
way of avoiding wars. Nowadays the 
focus has shifted toward asymmetric/
unconventional warfare and cyber 
attacks, seriously affecting other do-
mains and redefi ning electronic war-
fare (EW) approaches. This evolving 
scenario has led to the need for fl ex-

TABLE I
CHALLENGING TARGETS

Environments Targets

Maritime Small boats made of wood or rubber

Sea skimming missiles

Stealth ships and Unmanned Maritime Systems (UMS)

Mobile and fl eeting targets

Urban Vehicles and personnel   

Mines and Improvised Explosive Devices (IED)

Rockets and mortars 

Behind the wall targets 

Unmanned Ground Systems (UGS)

Wide Ground 
Areas

Ground targets hidden by camoufl age, concealment 
and deception

Targets in clutter of mountainous terrains and 
under foliage

Air Tactical Ballistic, Anti-Ship and Cruise Missiles

Low speed, low fl ying aircraft

High speed reconnaissance aircraft, satellites, 
supersonic missiles

Low Radar Cross Section - stealth: Fighters, 
bombers, missiles, Unmanned Air Systems (UAS)
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Figure 1 LTE antenna audio-module, from simulation to mass production. 
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be needed in order to be prepared for 
unpredictable scenarios.

Increasing system complexity is re-
quired for several reasons, such as:
•	 �The need for flexibility/plasticity 

due to changing environments and 
scenarios.

•	 �The need for decreased SWaP-C 
attained through the development 
of modular and scalable multi-
function systems based on flexible 
building blocks.

•	 �The need for coexistence and re-
sistance to interference with other 
systems, which has been exacerbat-
ed by the scarcity of RF spectrum, 
driving new concepts of adaptabil-
ity, self-learning and anticipation.
These extremely complex systems 

require controlled methodologies to 
cover the whole life cycle in order to 
ensure proper management, cost limi-
tation and control of risks. Systems 
engineering frameworks are required 
to provide the path for structured 
funding approaches, once proper sys-
tem architectures are established.

This opens the door to both coop-
eration and competition of different 
kinds, with a specific approach to the 
management of intellectual property 
rights (IPR), which is often the cause 
for industry reluctance to participate 
in international research programs. It 
is essential for governments to con-
tinue their research efforts to take ad-
vantage of funding already invested. 
The establishment of hybrid standards 
(security-defence-commercial) defin-
ing these architectures can be the so-

RF SENSORS TAXONOMY
The complexity of an RF sensor 

system can be visualized through the 
non-extensive taxonomy summarized 
in Table 2. The higher the system 
performance required, the more com-
plex the configuration, waveforms 
and/or functionalities, and likely high-
er costs. A challenging exercise in the 
current economic situation is to pro-
vide extraordinary performance that 
cannot be afforded and may even not 

tion was 36 percent, assuming a total 
amount of €4.8 billion which is half 
of the amount invested in 2006.6 This 
comes at a time when the world is re-
plete with social and regional convul-
sions, state failures and international 
tensions. This underscores the need to 
continue investing in military assets. 
As an example, Russia plans to invest 
$561 billion in modernizing its army 
and fleet plus $84 billion in modern-
izing production defence plants.7

TABLE II
RF Sensors Taxonomy

Active vs. Passive
Fixed vs. Adaptive-Cognitive
Analog vs. Digital
Single vs. Multi-Function
Cooperative vs. Non-
Cooperative

Antenna Scanning Configurations TX-RX

Mechanically Steered
Passive Steered Array
Active Electronic 
Steered Array
RF/Photonic/Digital 
Beamforming

Monostatic
Bistatic
Multistatic
MIMO

Domains Waveforms Capabilities/Functionalities

Land
Maritime
Air 
Space
Cyber

Continuous Wave
FMCW/Interrupted-
FMCW
Pulsed
Stepped Freq-Synthetic 
Pulsed
Pulse Compressed-
Chirp
Frequency Agile
Phase Coded  
(Barker-Polyphase)
Ultrawideband
OFDM

Detection/Tracking/Identification/
Targeting
Air Traffic Control
Fire Control
Ground Moving Target Indication
Navigation/Guidance/Detect and 
Avoid
Imaging: SAR-ISAR
Underground-Inside Building-
Underfoliage Awareness
Meteorological
Electronic Support & Signal 
Intelligence
Electronic Countermeasures-Attack
Communications/Datalink/SATCOM

Mobility-Platform

Fixed-Mobile-Portable 
Ground
Airborne Manned/UAS
Ships-Unmanned Maritime 
Systems
Spacecraft-Airships
Attended-Unattended
Networks-Swarms
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tactical ballistic missile (TBM) detec-
tion, even though the issue of low res-
olution must be solved and improved 
through adaptive and self-learning ca-
pabilities. The size of antennas is also 
raising environmental impact con-
cerns. Radars working at frequencies 
below a GHz also have the advantage 
in that low observability measures are 
normally developed to reduce detect-
ability at higher frequencies.

The spectrum needs of other ap-
plications that may be operational 
in the coming years must be antici-
pated. Non cooperative target rec-
ognition (NCTR) capability requires 
wide bandwidths, usually more than 
250 MHz that should be made avail-

trum demand which 
may impact its avail-
ability for military 
operations. This is 
already being dis-
cussed, as new spec-
trum allocations are 
on the open agenda 
items for the next 
WRC in 2015.10 
Two examples are 
the mobile service 
for International 
Mobile Telecom-
munications (IMT) 
and the Wireless 
Avionics Intra-
Communications 
(WAIC). Future 
band allocations and 
out-of-band mask 
requirements for communications sys-
tems could lead to degradation in the 
performance of military assets, mainly 
radars, working in these bands.

The lower frequency bands tradi-
tionally used for communications (HF, 
VHF and UHF) have gained renewed 
interest from radar systems designers. 
They provide over-the-horizon (OTH) 
capability, anti-stealth characteristics, 
higher penetration depth through fo-
liage, ground and walls, and they look 
quite promising for perimeter detec-
tion and camp protection.

The ability of OTH to detect and 
track targets at distances between 
1,000 and 4,000 km makes it very at-
tractive for maritime surveillance and 

lution for dual developments in smart 
and fruitful ways.

To deal with systems complexi-
ties, engineers must have a multidis-
ciplinary profi le and master systems 
engineering approaches. The criti-
cal defence professionals’ skills are 
currently a matter of analysis at the 
agency.

SPECTRUM MANAGEMENT
The dispute for the frequency 

spectrum between military and com-
mercial applications is a major issue. 
Global allocations of radio spectrum 
are agreed upon at the International 
Telecommunication Union (ITU) 
World Radiocommunication Confer-
ences (WRC) for each ITU Region 
and incorporated in the Radio Regu-
lations. The outcomes of WRCs have 
a treaty status.8

The right to use a fraction of the 
spectrum constrains sensor perfor-
mance and implies the need to care-
fully select the frequency band and 
mitigation measures implemented to 
comply with the regulations. In that 
sense, it has to be determined long in 
advance that a system designed and 
manufactured for a specifi c applica-
tion will have the necessary technical 
and legal support to meet its perfor-
mance expectations, including the 
necessary spectrum protection.

The increase by an order of magni-
tude in commercial connected devices, 
estimated from 5 billion in 2010 to 50 
billion in 2020,9 portends a strong spec-

 Fig. 1  Choice of frequency for TTW radar systems from the RIBA 
study.
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radar, communications, EW and/or 
detect and avoid. They will be part of 
the next generation of payloads and are 
optimally approached when they make 
use of AESA antennas as multifunction 
shared apertures operating in different 
frequency bands with different instan-
taneous bandwidths. This increases the 
capability of small platforms with low 
SWaP and reduces the number of ap-
ertures required. A proper resource 
manager module to organize and share 
resources is mandatory.

AESA antennas can be designed to 
be modular and scalable. This means 
that the BBs for the antenna can be 
used across many platforms and for 
different sized apertures which lowers 
production costs through economies 
of scale. It is unavoidable to mention 
the role of GaN as a breakthrough 
for AESA and the possibilities that it 
opens in this field.

The next step is to develop con-
formal AESA antennas, which is be-
ing analyzed by the EDA OB study 
UCAR.14 AESA antennas have the 
potential to achieve low RCS. This 
feature is important for military UAVs 
designed for low observability (LO); 
and they do not compromise aero-
dynamics improving the capability of 
maneuvering, reducing fuel consump-
tion and increasing endurance.

Another benefit of the AESA is 
graceful degradation, since only a 
common subsystem power supply or 
beam steering control failure can gen-
erate a general system failure. With 

spectrum needs for 
future military ra-
dars providing sev-
eral considerations 
and recommenda-
tions to ensure a 
proper functioning 
of future generation 
of RF sensor sys-
tems (see Figure 
2).

UAVs AND AESA 
ANTENNAS

Even with strong 
societal concerns 
about the use of 
remotely piloted 
aircraft (otherwise 
called drones or 
UAVs), these sys-
tems will be regu-
lated and safety is-
sues solved as we 

cannot neglect their benefits. The 
development of their payloads is an 
essential topic. EDA has contracted 
a study12 that analyzes the accessible 
RPAS payloads market. Its conserva-
tive forecast value is €17.5 billion and 
the higher growth estimate is €23.6 
billion for 2014-2035. Other esti-
mates13 considering a wider range of 
UAV payloads including EO/IR, SAR, 
SIGINT, EW and C4I Systems, and 
CBRN Sensors assess it at $3 billion 
per year currently, increasing to $5.6 
billion annually by 2020.

Multifunction RF sensors integrate 

able in X-Band for airborne and L- or 
S-Bands for ground radars. Ultra-
wideband (UWB) systems may need 
up to 3 GHz of bandwidth, enabling 
different dual (civilian-military) appli-
cations like through-the-wall (TTW) 
radar. Figure 1, from the OB study 
RIBA,11 shows the possibilities for 
frequency selection in TTW radar. 
Final selection must be done based 
on current regulations, leaving little 
room for development due to fre-
quency availability.

The project FARADAYS (2010-
2013) “Frequency allocation for ra-
dars in the coming years” has analyzed 

s Fig. 2  FARADAYS project.

3 MHz 30 MHz 300 MHz 1 GHz 2 GHz 4 GHz 8 GHz 12 GHz 40 GHz
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0dBm LO drive eliminates a high power RF amplifier, ensuring consistent performance without sensitivity to LO level 
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Comtech’s latest development expands 
on its proven innovative integrated GaN 

RF Power Amplifier designs by further 
increasing the RF power density, while 
improving overall operating efficiency. 

These highly integrated designs are ideal 
for use in communication, electronic 

warfare, and radar transmitter systems 
where space, cooling, and power are 
limited. Applications include ground, 

surface, and airborne platforms. 

Contact us today with your requirements 

and specs...we’ll meet your needs and 

exceed your expectations.

Comtech...Simply More.

Model BME2969-200 
2–6GHz, 200 Watts* 
Solid State Power Amp Module

n   Highest Power Density 
to Footprint Ratio

n   High Efficiency Over the 
Entire Bandwidth

n   RF Input/Output 
Sample Ports

n   Internal DC to DC 
Converters

n   Optional T/R Switch 
Available

n   Maintains Output 
Power with Real-World 
Load Conditions

*300 Watts Coming Soon!

ISO 9001:2008 / AS9100C: 2009

Model BME2969-200

POWER UP!
Soar with the highest power density  

solid state RF amplifiers available.

NEW APPROACHES IN 
PROCESSING: COMPRESSIVE 
SENSING (CS)

The new paradigm for acquisition 
and sampling known as compressive 
sensing (CS) is attracting interest by 
promising enhanced system perfor-
mance, while decreasing speed re-
quirements for ADCs and DACs and 
saving on other hardware resources. 
The study “Radar Implementation of 
CS (RICS)”15 is funded by the agency 
to assess its application in military RF 
sensors. One of the main objectives is 
establishing a framework to build fu-
ture initiatives and serve as a guide and 
orientation to CS military applications.

CS has a different structure than clas-
sical fi ltering approaches and exceeds 
their computational complexity. It is 
appropriate only when there is a poten-
tial improvement like obtaining higher 
resolution or reducing the number of 
measurement positions, antennas or ra-
diating elements, sampling frequencies 
and grating lobes. The central point for 
the applicability of CS is the sparsity of 
a representation of the considered scen-
ery, so it is fundamental to fi nd a domain 
where this sparsity appears. It would be 
interesting to modify test devices to ob-
tain measurements fi tted to the archi-
tecture of CS reconstruction based on 
non-uniform sampling.

The assessment of CS results is be-
ing done by estimating the quality of 
reconstruction through Monte Carlo 
analyses, although more realistic error 
bounds are under consideration. CS 
approaches are usually much slower 
than classical fi ltering methods, so a 
real-time radar application is still chal-
lenging. Promising applications include 
active and passive inverse synthetic ap-
erture radar (ISAR) imaging, direction 
of arrival (DOA) estimation, sparse ar-
ray design procedures and receivers.

The CS-based receiver may open 
the way for new capabilities such as 
radar systems operating over large in-
stantaneous bandwidths or even simul-
taneously on different narrow band 
carriers, instead of the time division 
methods normally used by surveillance 
and multifunctional radars. This would 
be particularly interesting for electron-
ic protective measures (EPM).

EUROPEAN RF SENSORS SYSTEMS 
R&T COLLABORATION

EDA hosts a group of experts cov-
ering the subject of RF Sensors Sys-

materials or non-foster matching
•  Conformal array pattern synthesis 

techniques
• RF-on-fi ber
• Thermal management
• Manufacturing and integration
•  True Time Delays (TTD) for 

wideband designs
•  Cognitive methodologies and ar-

chitectures to reduce the effect of 
interference through frequency 
nulling and other mitigation tech-
niques.

proper monitoring and built in test 
(BIT) systems, the AESA can tolerate 
failure in some modules by using the 
working ones to provide acceptable 
results through adaptive beamform-
ing.

Many more aspects of AESA de-
sign may be leveraged to address ad-
vanced applications including:
• Architectures
• Wideband arrays
•  Low profi le and bandwidth en-

hancement techniques like meta-
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million per project.
Multifunction: The projects  

STRATA and SIMPLE paved the way 
for the Scalable Multifunction RF Sys-
tems (SMRF) Program to build these 
sensors in a modular and scalable way. 
Under that umbrella, the AMBAS-
SADOR project (2012-2013) was 
considering the modern architectural 
frameworks that must be used when 
defining complex systems as SMRF. A 
value assessment of model-based ap-
proach to product development pre-
dicted reductions in costs and time by 
about a third and the decrease of as-
sociated risks in development cost and 
schedule by about two thirds.

SIMCLAIRS (2009-2013) was an 
Innovation and Technology Partner-
ship (ITP) aimed to de-risk and ma-
ture key enabling technology areas 
to achieve TRL 4 and to allow break-
throughs in the overall capabilities of 
compact multifunction RF sensors, 
identifying and quantifying the mili-
tary benefits of this class of technolo-
gies (see Figure 3).

This model of cooperation was very 
successful since there were two calls for 
competed projects allowing research 
suppliers from industry, SMEs and aca-
demia to contribute in the various tech-
nical domains. Subcontracts were award-
ed on the basis of merit with the most 
“competitive” bids securing funding.

A future project called SIRONA 
under a similar scheme is in prepara-
tion and will deal with the maturation 
of enabling hardware technologies for 
UAS payloads including both RF and 
electro-optical sensors.

NCTR: The use of imaging tech-
niques like high resolution range pro-
files (HRRP) and inverse synthetic aper-
ture radar (ISAR) is demonstrating the 
ability to address previous limitations 
and perform effectively in automatic 
target recognition (ATR) systems. In 
that sense, the ongoing project SPERI 
(2013-2015) includes research on su-
perresolution for ATR on real images, 
CS and 2D space variant apodization. 
ACACIA is a 3-year project starting in 
2014, that will focus on emerging wave-
forms, signal processing and feature-
based classification techniques. MAPIS 
as follow up to JIP-ICET APIS will 
study, define and analyze a new system 
concept for implementing and demon-
strating ISAR imaging capability in mul-
tistatic array passive radar to enable the 
capability of passive NCTR.

roadmaps for research proposed. 
Examples are the previously men-
tioned RICS and UCAR.

2.	 �Ad Hoc Category B projects16 com-
mon collaborative work funded by 
contributing members, normally 3 to 
5, with values ranging an average of €2 
to 4 million in a bottom-up approach.

3.	 �Ad Hoc Cat A activities17 involv-
ing a larger number of contribut-
ing members through a top-down 
approach. Funding is provided on 
a voluntary basis, typically over €10 

tems and Signal Processing that meets 
in the Capability Technological Area 
(CapTech) called RF Sensors Technolo-
gies (RFST) formerly known as IAP2. It 
belongs to the Unit Innovative Research 
(INR) from the Directorate European 
Synergies and Innovation (ESI).

The projects under the CapTech 
may be:
1.	 �Funded through the operational 

budget (OB) of the agency where 
specific subjects are analyzed, 
state of the art is discussed and 
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UNMATCHED TEST POWER AND SENSITIVITY.  UNMATCHED PERFORMANCE.

Virginia Diodes, Inc.

979 2nd St. SE, Suite 309 

Charlottesville, VA 22902

434.297.3257
 

vadiodes.com

Virginia Diodes’ AMC and MixAMC standardized 
product lines provide high performance frequency 
extension of microwave signal generators and 
analyzers into the mm-wave and THz frequency 
ranges (50GHz-1.1THz).  These modules offer full 
waveguide band frequency coverage with market 
leading performance.

AMC’s can be paired with common signal sources 
for CW power generation at high frequencies.  
Standard features include voltage controlled 
output attenuation, on-off modulation and 
switchable input frequency range.

MixAMC’s  can be used in a variety of different 
modes including frequency extension of spectrum 
analyzers and block up or down-conversion.  
These modules offer low-loss/low-noise 
performance with high instantaneous IF BW (up  
to 20GHz standard and 40GHz upon request).

Waveguide Band WR15 WR12 WR10 WR8.0 WR6.5 WR5.1 WR4.3 WR3.4 WR2.8 WR2.2 WR1.5 WR1.0
(GHz) 50-75 60-90 75-110 90-140 110-170 140-220 170-260 220-330 260-400 325-500 500-750 750-1100

   AMC Performance             

Test Port Power - 
Typical (dBm) 20 18/15 14 9 8 4 2 -2 -6 -10 -21 -23

Test Port Power - 
Minimum (dBm) 17 12/11 10 3 2 0 -5 -8 -12 -18 -30 -33

   MixAMC Performance             

SSB Intrinsic Mixer 
Conversion Loss 
(dB) 9 11 11 12 12 12 14 14 15 17 20 30

Displayed Average 
Noise Level 
(dBm/Hz) -150 -150 -150 -150 -150 -150 -150 -150 -150 -150 -150 -135

Maximum IF 
Bandwidth 
(GHz) 8 9 11 14 17 20 20 20 20 20 20 20

BRIDGING THE
THZ GAP 
WITH VERSATILITY.

MWJVADIODE0914.indd   37 8/27/14   8:35 AM

http://www.mwjournal-digital.com/mwjournal/september_2014/TrackLink.action?pageName=37&exitLink=http%3A%2F%2Fvadiodes.com
http://www.mwjournal-digital.com/mwjournal/september_2014/TrackLink.action?pageName=37&exitLink=http%3A%2F%2Fvadiodes.com


38 	 MICROWAVE JOURNAL n SEPTEMBER 2014

CoverFeature

For further information, please contact our Sales Department at
(631) 439-9220 or e-mail components@miteq.com

For further information, please contact our Sales Department at
(631) 439-9220 or e-mail components@miteq.com

100 Davids Drive, Hauppauge, NY 11788
631-436-7400 • FAX: 631-436-7430 • www.miteq.com
100 Davids Drive, Hauppauge, NY 11788
631-436-7400 • FAX: 631-436-7430 • www.miteq.com

AD-671 4.5625x7.5:Layout 1  8/4/14  2:10 PM  Page 1

LUS II is under preparation.
Biological: RFBIO is a 5-year 

project studying the biological ef-
fects of the military EM signals used 
by defence systems like radar or EW 
that are not covered by civil domain 
studies. A mechanistic approach will 
be established to try to understand 
the interactions between RF signals 
and biological systems. The projects 
already finished are worth more than 
€60 million and the estimates of the 
coming ones are around €30 million.

CONCLUSION
The EDA RF Sensors Technologies 

(RFST) community is dealing with the 
design and development of systems 
capable of performing challenging 
functions like detection, tracking and 
identification of difficult targets and 
RF signals surrounded by strong and 
changing clutter, and evolving scenar-
ios congested with jamming, coexis-
tence of a broad variety of sensors and 
spectrum limitations.

This implies the need for flexibility 
and adaptability bringing more com-
plexity in terms of signal processing, 
demanding hardware, and test and val-
idation requirements. The uncertainty 
in the number and experience of future 
engineers may be added as an issue of 
strong concern in the European supply 
chain and the need of multidisciplinary 
profiles and skills is highlighted.

Solutions should come from col-
laborative programs based on system 
engineering disciplines and their cor-
responding frameworks. Through 
model based system engineering, the 
design and development of RF sen-
sors systems allows for continuous 
monitoring and management leading 
to decreased life cycle costs and more 
sustainable approaches. It also enables 
the development of modular, scalable 
and multifunction systems which are 
essential considering the constraints 
in size, weight, power and cost.

To enable this approach, standard 
architectures must be produced to 
foster collaboration through Euro-
pean programs managed through the 
instantiation of individual building 
blocks (BB) defined through stan-
dardized interfaces. With a tailored 
IPR scheme, the sensitivity of the BBs 
will be lower for the entire system, al-
lowing competitive programs to dem-
onstrate the concept on complete sys-
tems through integration of the BBs. 

Urban Sensors: TELLUS 
(2008-2012) explored technolo-
gies for solutions to difficult 
environments with smoke and 
dust, darkness, bad weather and 
concealed conditions, particu-
larly in urban warfare scenarios 
looking for low cost, light weight 
and low power consumption for 
radar and ESM systems. TEL-

Fig. 3  SIMCLAIRS project.
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Frequency
Conversion
Products
Features:
• Mixers and Multipliers with RF/LO to 65 GHz

• IF frequencies to 20 GHz
for Upconverter applications

• Large Catalog offerings of Broadband,
Double and Triple Balanced Designs

• High Dynamic Range Schottky
and FET designs

• Image Rejection versions also available

• QPSK/QAM/BiPhase/SSB Modulators
up to 35 GHz

• Modular Frequency Up and Down
Block Converters/Receiver Front-Ends

• Connectorized, Surface Mount, Waveguide,
Drop-In packages

• High Reliability/Space Qualified Models

MITEQ Mixer Application notes
can be found at:
www.miteq.com/mixers
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We have provided an overview of the 
main EDA RFST (IAP2) CapTech Ad 
Hoc Cat B collaborative projects deal-
ing with some of the main challenges 
that the RF sensors community is fac-
ing, describing specific points in terms 
of capability gaps and technical issues 
at system level. The key message is 
that international collaboration, like 
the one under the EDA framework, 
is a cost-effective way to deal with re-
search topics covering capability gaps 
in times of limited defence budgets. ■ 
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Direct receiver access
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data handling - while maintaining excellent performance. Our VNA software 
operates on an external PC, which makes data transfer, automation, and system 
integration easy, so you can put a lab grade VNA where one hasn’t gone before. 

A VNA that doesn’t make you choose between performance and price.
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Ciao Wireless, Inc.  4 0 0 0  V i a  P e s c a d o r,  C a m a r i l l o ,  C A  9 3 0 1 2

Tel (805) 389-3224    Fax (805) 389-3629    sales@ciaowireless.com

OCTAVE BAND LOW NOISE AMPLIFIERS   
Model No.    Freq (GHz)     Gain (dB) MIN Noise Figure    (dB)     Power -out @ P1-dB     3rd Order ICP    VSWR    
   CA01-2110    0.5-1.0     28    1.0 MAX,    0.7 TYP     +10    MIN      +20    dBm     2.0:1 
   CA12-2110    1.0-2.0     30    1.0 MAX,    0.7 TYP     +10    MIN      +20 dBm     2.0:1 
   CA24-2111    2.0-4.0  29    1.1 MAX,    0.95 TYP     +10    MIN      +20 dBm     2.0:1 
   CA48-2111    4.0-8.0  29    1.3 MAX,    1.0 TYP     +10    MIN      +20 dBm     2.0:1 
   CA812-3111    8.0-12.0     27    1.6 MAX,    1.4 TYP     +10    MIN      +20 dBm     2.0:1 
   CA1218-4111    12.0-18.0     25 1.9 MAX,    1.7 TYP     +10    MIN      +20 dBm     2.0:1
CA1826-2110 18.0-26.5 32 3.0 MAX, 2.5 TYP +10    MIN  +20 dBm  2.0:1 
NARROW BAND LOW NOISE AND MEDIUM POWER AMPLIFIERS
CA01-2111 0.4 - 0.5 28 0.6 MAX, 0.4 TYP +10    MIN  +20 dBm  2.0:1 
CA01-2113 0.8 - 1.0 28 0.6 MAX, 0.4 TYP +10    MIN +20 dBm  2.0:1 
CA12-3117 1.2 - 1.6 25 0.6 MAX, 0.4 TYP +10    MIN +20 dBm  2.0:1 
CA23-3111 2.2 - 2.4 30 0.6 MAX, 0.45 TYP +10    MIN +20 dBm  2.0:1 
CA23-3116 2.7 - 2.9 29 0.7 MAX, 0.5 TYP +10    MIN +20 dBm  2.0:1 
CA34-2110 3.7 - 4.2 28 1.0 MAX, 0.5 TYP +10    MIN +20 dBm  2.0:1 
CA56-3110 5.4 - 5.9 40 1.0 MAX, 0.5 TYP +10    MIN +20 dBm  2.0:1 
CA78-4110 7.25 - 7.75 32 1.2 MAX, 1.0 TYP +10    MIN +20 dBm  2.0:1 
CA910-3110 9.0 - 10.6 25 1.4 MAX, 1.2 TYP +10    MIN +20 dBm  2.0:1 
CA1315-3110 13.75 - 15.4 25 1.6 MAX, 1.4 TYP +10    MIN +20 dBm 2.0:1 
CA12-3114 1.35 - 1.85  30 4.0 MAX, 3.0 TYP +33    MIN +41 dBm 2.0:1
CA34-6116 3.1 - 3.5  40 4.5 MAX, 3.5 TYP +35    MIN +43 dBm 2.0:1 
CA56-5114 5.9 - 6.4 30 5.0 MAX, 4.0 TYP +30    MIN +40 dBm 2.0:1 
CA812-6115 8.0 - 12.0 30 4.5 MAX, 3.5 TYP +30    MIN +40 dBm 2.0:1 
CA812-6116 8.0 - 12.0 30 5.0 MAX, 4.0 TYP +33    MIN +41 dBm 2.0:1 
CA1213-7110 12.2 - 13.25 28 6.0 MAX, 5.5 TYP +33    MIN +42 dBm 2.0:1 
CA1415-7110 14.0 - 15.0 30 5.0 MAX, 4.0 TYP +30    MIN +40 dBm 2.0:1 
CA1722-4110 17.0 - 22.0  25 3.5 MAX, 2.8 TYP +21    MIN +31 dBm 2.0:1 
ULTRA-BROADBAND & MULTI-OCTAVE BAND AMPLIFIERS
Model No. Freq (GHz) Gain (dB) MIN Noise Figure    (dB)    Power -out @ P1-dB 3rd Order ICP  VSWR
CA0102-3111 0.1-2.0  28 1.6 Max, 1.2 TYP +10 MIN  +20 dBm 2.0:1 
CA0106-3111 0.1-6.0  28 1.9 Max, 1.5 TYP +10    MIN  +20 dBm 2.0:1 
CA0108-3110 0.1-8.0  26 2.2 Max, 1.8 TYP +10    MIN  +20 dBm 2.0:1 
CA0108-4112 0.1-8.0  32 3.0 MAX, 1.8 TYP +22    MIN  +32 dBm 2.0:1 
CA02-3112 0.5-2.0  36 4.5 MAX, 2.5 TYP +30    MIN  +40 dBm 2.0:1 
CA26-3110 2.0-6.0  26 2.0 MAX, 1.5 TYP +10    MIN  +20 dBm 2.0:1 
CA26-4114 2.0-6.0  22 5.0 MAX, 3.5 TYP +30    MIN  +40 dBm 2.0:1 
CA618-4112 6.0-18.0  25 5.0 MAX, 3.5 TYP +23    MIN  +33 dBm 2.0:1 
CA618-6114 6.0-18.0  35 5.0 MAX, 3.5 TYP +30    MIN  +40 dBm 2.0:1 
CA218-4116 2.0-18.0  30 3.5 MAX, 2.8 TYP +10    MIN  +20 dBm 2.0:1 
CA218-4110 2.0-18.0  30 5.0 MAX, 3.5 TYP +20    MIN  +30 dBm  2.0:1 
CA218-4112 2.0-18.0  29 5.0 MAX, 3.5 TYP +24    MIN  +34 dBm 2.0:1
LIMITING AMPLIFIERS
Model No. Freq (GHz)  Input Dynamic Range Output Power Range Psat Power Flatness dB VSWR
CLA24-4001 2.0 - 4.0 -28 to +10 dBm +7 to +11 dBm +/- 1.5 MAX 2.0:1 
CLA26-8001 2.0 - 6.0  -50 to +20 dBm +14 to +18 dBm +/- 1.5 MAX 2.0:1 
CLA712-5001 7.0 - 12.4 -21 to +10 dBm +14 to +19 dBm +/- 1.5 MAX 2.0:1 
CLA618-1201 6.0 - 18.0 -50 to +20 dBm +14 to +19 dBm +/- 1.5 MAX 2.0:1
AMPLIFIERS WITH INTEGRATED GAIN ATTENUATION
Model No. Freq (GHz) Gain (dB) MIN  Noise Figure    (dB) Power -out @ P1-dB Gain Attenuation Range VSWR
CA001-2511A 0.025-0.150 21 5.0 MAX, 3.5 TYP +12    MIN  30 dB MIN  2.0:1
CA05-3110A 0.5-5.5  23 2.5 MAX, 1.5 TYP +18    MIN 20 dB MIN  2.0:1
CA56-3110A 5.85-6.425  28 2.5 MAX, 1.5 TYP +16    MIN 22 dB MIN  1.8:1
CA612-4110A 6.0-12.0 24 2.5 MAX, 1.5 TYP +12    MIN 15 dB MIN  1.9:1
CA1315-4110A 13.75-15.4 25 2.2 MAX, 1.6  TYP +16    MIN 20 dB MIN  1.8:1
CA1518-4110A 15.0-18.0  30  3.0 MAX, 2.0 TYP +18    MIN 20 dB MIN  1.85:1
LOW FREQUENCY AMPLIFIERS
Model No. Freq (GHz) Gain (dB) MIN Noise Figure dB Power -out @ P1-dB 3rd Order ICP  VSWR
CA001-2110 0.01-0.10 18 4.0 MAX, 2.2 TYP +10 MIN  +20 dBm 2.0:1
CA001-2211 0.04-0.15 24 3.5 MAX, 2.2 TYP +13 MIN  +23 dBm 2.0:1
CA001-2215 0.04-0.15 23 4.0 MAX, 2.2 TYP +23 MIN  +33 dBm 2.0:1
CA001-3113 0.01-1.0 28 4.0 MAX, 2.8 TYP +17 MIN  +27 dBm 2.0:1
CA002-3114 0.01-2.0 27 4.0 MAX, 2.8 TYP +20 MIN  +30 dBm 2.0:1
CA003-3116 0.01-3.0 18 4.0 MAX, 2.8 TYP +25 MIN  +35 dBm 2.0:1
CA004-3112 0.01-4.0 32 4.0 MAX, 2.8 TYP +15 MIN  +25 dBm 2.0:1

CIAO Wireless can easily modify any of its standard models to meet your "exact" requirements at the Catalog Pricing.

Visit our web site at www.ciaowireless.com for our complete product offering.
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passive sensor and  Identifi cation Friend-or-Foe (IFF) sys-
tem, both of which will be contracted for in the next few 
months.

Finmeccanica - Selex ES’s participation in the Gripen 
NG programme dates back to 2009, when an agreement 
was signed with Saab for the development of the Raven ES 
AESA radar. This was followed in 2010 by the selection of 
the Skyward-G IRST sensor and the IFF system.

A production-standard Raven AESA radar is now in-
stalled on Gripen demonstration aircraft, while fl ight tests 
with the Skyward-G IRST have been underway since 
March, achieving excellent results and demonstrating the 
value of a passive sensor as an integral part of a weapons 
system. The IFF system will be delivered later in the year.

In a recent development, Finmeccanica – Selex ES’s 
new BriteCloud Expendable Active Decoy (EAD) has 
been chosen as an electronic warfare option for the Gripen 
NG and all other versions of the aircraft. Currently, the 
BriteCloud EAD is the only product of its type on the mar-
ket and Saab will be the fi rst partner to offer the new decoy, 
boosting the desirability of Gripen NG for new customers. 
Live BriteCloud trials on-board the platform are expected 
to take place by the end of 2014.

Currently, Gripen C/D versions are in service in Swe-
den, South Africa, Hungary, Czech Republic and Thailand. 
Gripen NG is in full scale development for Sweden and 
has been down-selected and in fi nal negotiations for Brazil.

GD Awarded $25 M by LM for Continued 
Work on USAF GPS III Program

General Dynamics Advanced Information Systems, a 
business unit of General Dynamics, was awarded a 
$25.4 million full-production contract from Lockheed 

Martin to support the U.S. Air Force Global Positioning 
System (GPS) III Network Communications Element 
(NCE) for space vehicles seven and eight (SV 07-08). The 
Air Force’s next-generation GPS III satellites will improve 
position, navigation and timing services as well as provide 
advanced anti-jam capabilities yielding superior system se-
curity, accuracy and reliability. 

“For more than 50 years, we have been a premier pro-
vider of spacecraft communications and navigation equip-
ment for the nation’s military and government agencies,” 
said Carlo Zaffanella, vice president and general manager 
of Intelligence, Surveillance and Reconnaissance at Gen-
eral Dynamics Advanced Information Systems. “Our con-
tinued close work with Lockheed Martin on the GPS III 
program, coupled with our in-depth mission understand-
ing, allows us to provide the Air Force with the next-gen-
eration of reliable and affordable solutions to replace the 
aging constellation of GPS satellites currently in orbit.”

General Dynamics’ NCE components provide the com-
munications functions for the GPS III satellites, including 
the ground-to-space command and control channel, the 
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DefenseNews
Cliff Drubin, Associate Technical Editor

Visit mwjournal.com for more defense newsFor More
Information

Raytheon Demonstrates Successful 
Prototyping of AESA/GaN Technologies into 
Patriot Radar 

Raytheon Co. demonstrated their successful prototyp-
ing of active electronically scanned array (AESA) and 
Gallium Nitride (GaN) technologies into the U.S. 

Patriot Air and Missile Defense System radar. In addition 
to enabling future 360 sensor coverage, these technologies 
will signifi cantly increase the defended area and decrease 
the time to detect, discriminate and engage threats. The 
introduction of GaN-based AESA technologies will also 
further improve reliability and lower the life cycle costs for 
the Patriot radar, beyond what has already been achieved 
with other recent Patriot radar improvements.

“Raytheon is a leader in airborne, sea-based and ground-
based radars and we continue to invest in research and de-
velopment to further mature radar technology. GaN-based 
AESA technologies represent the future of ground-based 

sensors and will have 
future application to 
Raytheon’s entire sen-
sor portfolio,” said 
Ralph Acaba, vice 
president of Integrat-
ed Air and Missile De-
fense at Raytheon’s In-
tegrated Defense Sys-
tems business. “Along 
with the Patriot radar, 
the entire Patriot sys-
tem has kept pace with 
the latest technological 
advances to ensure 
over match against 
current and evolving 
threats. The Patriot 

that’s currently in production and fi elded is the most ad-
vanced air and missile defense system available today.”

Selex ES Awarded Multi-Million Euro 
Contract from Saab for 
Raven AESA Radar

A multi-million euro contract has been awarded to 
Finmeccanica - Selex ES by defence and security 
company Saab to supply the Raven ES-05 AESA ra-

dar for Saab’s Gripen Next Generation (NG) fi ghters.
A NATO-interoperable, multi-role fi ghter designed for 

the future network-centric warfare environment, Gripen 
NG will provide superior situation awareness thanks to a 
number of Finmeccanica – Selex ES products. In addi-
tion to the Raven ES AESA radar, the company will also 
provide the Skyward-G Infrared Search & Track (IRST) 

Source: U.S. Army photo

Scan page
using           app

__9M14 FINAL.indd   45 8/28/14   8:52 AM

http://www.mwjournal-digital.com/mwjournal/september_2014/TrackLink.action?pageName=45&exitLink=http%3A%2F%2Fmwjournal.com
http://www.mwjournal-digital.com/mwjournal/september_2014/TrackLink.action?pageName=45&exitLink=http%3A%2F%2Fmwjournal.com


DefenseNews

space-to-space inter-satellite channel and the command and 
telemetry communications channels within each satellite. 

Compared to prior GPS vehicles, the Air Force’s GPS 
III satellites will deliver three times better accuracy, pro-
vide up to eight times more powerful anti-jamming capa-
bilities and include enhancements that extend spacecraft 
life by 25 percent. GPS III-series satellites also will carry 
a new civil signal designed to be interoperable with other 
international global navigation satellite systems, enhancing 
civilian-user connectivity. The majority of the work under 
contract will be performed at the General Dynamics Ad-
vanced Information Systems facilities in Scottsdale, Ariz., 
and Bloomington, Minn.

Exelis Delivers Latest EW Technology for 
U.S. Navy F/A-18 Aircraft

Exelis has successfully delivered to the U.S. Navy the 
fi rst nine full rate production, next-generation elec-
tronic self-protection systems for F/A-18 fi ghter air-

craft. The ALQ-214(V)4/5 is the latest variant of the on-
board jammer subsystem in the Integrated Defensive 
Electronic Countermeasures (IDECM) suite. 

Through a series of enhancements, including minia-
turization and improved electronics packaging, the ALQ-

214(V)4/5 can be installed on F/A-18E/F Super Hornets 
as well as – for the fi rst time – on F/A-18C/D Hornets. 
This will help ensure that both types of aircraft and their 
crews are protected from modern, dynamic radio frequen-
cy threats.

“With enhanced software programmability and reduced 
size and weight, our latest system ensures that naval avia-
tors stay ahead of emerging electronic threats,” said Joe 
Rambala, vice president and general manager of the Exelis 
integrated electronic warfare systems business area. “Exelis 
has helped advance the Navy’s electronic warfare mission for 
more than 16 years, and this milestone extends our record 
to 198 months of on-time delivery to the IDECM program.”

The ALQ-214 is produced at the Exelis Electronic Sys-
tems (ES) facility in Clifton, N.J.
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Non-Blocking Switch Matrix
A Plug n’ Play system with an intuitive touch-screen GUI (patent pending) 
control interface.  Ethernet connectivity and password protected browser 
access makes networking easy, secure, and platform independent.

• Frequency: 0.7 to 3.0 GHz
• Isolation: >70 dB
• Switches: Hot-Swap / Solid-State
• Attenuators: 70 dB (0.5 dB steps)
• Operating Power: >1W
• 10.4” Fanless Panel PC

• 6U / 17” Deep Rack Mountable
• Type N-F  RF Inputs & Outputs 
• RJ45 Ethernet Connectors
• Power <30W @  -48VDC Input

• 10.4” Fanless Panel PC

Custom Microwave Components, Inc.
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Phone: (510) 651-3434
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Cobham Receives AGP Funds for HARNet 
Aircraft Project

Cobham has received funding from the UK Aerospace 
Growth Partnership (AGP) as part of a Thales led effort 
to develop smaller, lighter, more fl exible and capable fu-

ture communications systems for civil aircraft. The £6.4 mil-
lion AGP award will fund the Harmonised Antennas, Radios 
and Networks (HARNet) strategic research programme to 
develop the radio techniques and technologies required for 
an Integrated Modular Communications (IMC) system for 
civil aircraft using software defi ned radio technology.

If successful and adopted by civil aircraft original equip-
ment manufacturers (OEM), IMC would mean less equip-
ment to be installed in new aircraft, freeing up critical 
space, reducing weight and using less fuel. For the airlines, 
reduced weight means reduced costs, higher reliability and 
safety. Greater fuel effi ciency could mean future airliners 
would increase passenger capability, improve operational 
effi ciency and reduce both noise and CO2 emissions.

As part of this project, 
three Cobham businesses 
located in England will 
participate with support 
from the University of 
Southampton and Queen 
Mary University of Lon-
don. The Cobham contri-

bution will take forward advanced antennas and high data 
bandwidth MESH radios.

Pete Raby, Cobham Communications and Connectivity 
sector president who is responsible for all three Cobham 
businesses said: “Cobham is very pleased and excited to par-
ticipate in this project. Our antennas and radios are already 
very advanced in terms of their small size, weight and su-
perior capability, but this project will allow us to investigate 
advanced concepts and possibly fi nd additional savings that 
could lead to further improvements in future civil aircraft.”

COST Association and EC Sign Framework 
Partnership Agreement

The COST Association and the European Commis-
sion have signed a Framework Partnership Agree-
ment (FPA) for a new period of seven years for the 

COST intergovernmental framework operation during 
the EU Framework Programme Horizon 2020. COST is 
an intergovernmental framework for European Coopera-
tion in Science and Technology, enabling the coordination 
of nationally-funded research on a European level. This 
agreement acknowledges the role that COST will play in 
Horizon 2020, given its contribution to strengthening Eu-
rope’s research and innovation capacities.

In particular, COST will dedicate 50 percent of its over-
all budget to activities involving researchers from Inclu-
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siveness Target Countries. By fully developing and imple-
menting its Inclusiveness Policy, COST aims to increase 
such researchers’ participation in COST Actions and activi-
ties, in relation to the European Commission’s approach to 
widening participation. 

COST Actions feature three key principles: openness, ex-
cellence and inclusiveness, 
achieved by fostering new 
ideas, sharing knowledge 
and an output orientation. 
This is how COST has 
managed to make signifi -
cant contributions to the 
competitiveness and the 
overall development of the European research landscape, 
thus contributing to Europe’s Innovation Union goals. 

The FPA comes in response to the major challenges 
of Horizon 2020, namely Europe in a changing world – 
inclusive, innovative and refl ective Societies and Spread-
ing Excellence and widening participation. In these cases, 
COST is referred to as a key contributor to the Programme 
strategic objectives, given its support particularly towards 
pan-European cooperation in science and technology.

The objectives that COST has set forth in order to help 
tackle these challenges while fulfi lling its mission are: join-
ing research efforts and developing common S&T pro-
grammes by coordinating nationally funded research activ-
ities led by pan-European, high quality, collaborative S&T 
networks; building capacity by providing networking and 
leadership opportunities for emerging talents and thereby 
strengthening and building up excellent S&T communities; 
addressing societal questions by promoting trans-disciplin-
ary, new approaches and topics and identifying early warn-
ings of unforeseen societal problems aimed at contributing 
to Societal Challenges; strengthening the COST Inclusive-
ness Policy by fostering better access and integration for 
researchers from less research-intensive countries into the 
knowledge hubs of the European Research Area aimed at 
contributing to the Widening Pillar of Horizon 2020.

Galileo Satellites 5 and 6 Launched

The latest satellites in Europe’s Galileo satellite navi-
gation system were launched on 21 August, ushering 
in the system deployment phase and paving the way 

for the start of initial services. Galileo SATs 5 and 6 were 
launched from Europe’s Spaceport in French Guiana on 
top of a Soyuz rocket. They are expected to become opera-
tional, after initial in-orbit testing, in the autumn.

The two satellites will 
join the four Galileo ‘in-
orbit validation’ satel-
lites already in space. 
Launched in pairs in Oc-
tober 2011 and October 
2012, these four satellites 
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– the minimum required to obtain a position fi x – served to 
demonstrate and validate the space and ground segments 
of the system. 

Galileo SATs 7 and 8 are scheduled to follow end of year 
2014. Then the constellation will be gradually deployed 
with six to eight satellites launched per year using a series 
of Soyuz and Ariane launches from Kourou, along with re-
maining elements of the ground network.

155 SMEs to Receive Funding Under EU 
SME Instrument

The European Commission has announced the fi rst re-
sults of its new Є3 billion SME Instrument, launched 
under Horizon 2020 to help innovative small fi rms get 

ideas from the lab to the market. In total, 155 SMEs from 
21 countries (EU Member States or countries associated to 
Horizon 2020) will each receive Є50,000 to fi nance feasibil-
ity studies to develop their innovation strategy. In addition, 
SMEs can benefi t from up to three days of business coaching. 

Spanish SMEs were particularly successful in the fi rst 
round, with 39 proposals selected, followed closely by 
SMEs from the UK and Italy. In total, there were 2,666 
applications for the fi rst grants. 

Máire Geoghegan-Quinn, European Commissioner 

for Research, Innovation 
and Science, said: “The 
response to the new SME 
Instrument is encourag-
ing. There is clearly de-
mand out there for this 
kind of support. I hope 
many of the business plans 
being fi nanced will mature to become real products and 
services, generating growth and jobs for our economies. 
We need our champions of innovation to grow!” 

The SME Instrument is a key element of the funding 
for small businesses available under Horizon 2020. Worth 
around Є3 billion over seven years, it offers fast and simple 
grants for business innovation feasibility studies (Phase 1) 
and demonstration projects (Phase 2). Investment-mature 
concepts can benefi t from business development advice 
and other support services (Phase 3). Around 645 projects 
(under Phase 1 and 2) should be funded in 2014, rising to 
670 in 2015.

Through the SME Instrument the European Union 
wants to fi nance the most innovative small companies, with 
a high growth potential. The application process is easy but 
only the very best projects can expect to receive funding. 
Eligible topics are set out in the Horizon 2020 Work Pro-
gramme on ‘Innovation in SMEs’. 
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•  Flat Conversion Loss & High Isolation 
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• Rugged LTCC Construction
•  Easy Visual Solder Inspection,  

gold-plated terminals
• Low Profile, only 0.06” /1.5 mm thick

Mini-Circuits new MAC  mixer family combines rugged  
ceramic construction with monolithic quad semiconductor  
technology to produce the most reliable mixers available in 
the marketplace today—the only mixers anywhere backed 
by a 3-year guarantee! Top to bottom, inside and out, 
they’re designed and built for long-term reliability under 
hostile conditions such as high moisture, vibration, 
acceleration, and thermal shock from -55 to +125°C. 
 

Excellent electrical performance across the entire frequency 
range makes them ideal not only for aerospace and military 
ground applications, but anywhere long-term reliability 
adds bottom-line value: instrumentation, heavy industry, 
high-speed production, and unmanned facilities, to name 
just a few. So why wait? Go to minicircuits.com for performance 
data, technical specifications, and remarkably low prices, 
and see what MAC mixers can do for your applications today!
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Mini-Circuits®
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CERAMIC  MMIC AMPLIFIERS
®RUGGED ULTRA REL

MIL Qualifications (see website for complete list and details )

Gross and Fine Leak HTOL (1700 hours+ @ +105°C)
Mechanical Shock Thermal Shock 
Vibration Steam Aging
Acceleration Solder Heat Resistance
PIND Autoclave (and more)

Robust performance across wide bandwidths makes them 
ideal for instrumentation, or anywhere long-term reliability 
adds bottom-line value.  Go to minicircuits.com for all the 
details today, and get them in your hands as soon as 
tomorrow!

Electrical Specifications (-55 to +105°C)

Model Freq.  Gain  POUT  IP3  NF  DC Price $ ea.
 (GHz) (dB) (dBm) (dBm) (dB) (V) (qty 20)

CMA-62+ 0.01-6 15 19 33 5 5 4.95
CMA-63+ 0.01-6 20 18 32 4 5 4.95
CMA-545+ 0.05-6 15 20 37 1 3 4.95
CMA-5043+ 0.05-4 18 20 33 0.8 5 4.95
CMA-545G1+ 0.4-2.2 32 23 36 0.9 5 5.45
CMA-162LN+ 0.7-1.6 23 19 30 0.5 4 4.95
CMA-252LN+ 1.5-2.5 17 18 30 1 4 4.95

 High IP3 up to 38 dBm    Low DC current 65 mA        ea. (qty 20)
$495

10 MHz to 6GHz

CMA

3  x  3 x 1.14 mm

RoHS compliant

Mini-Circuits®

www.minicircuits.com    P.O. Box 350166, Brooklyn, NY 11235-0003   (718) 934-4500   sales@minicircuits.com

When failure is not an option. Our new CMA MMIC 
amplifiers deliver outstanding performance in a rugged, 
nitrogen-fi l led, hermetic LTCC design, just 0.045” 
high.  These models are so tough, they’ve qualif ied for 
use under MIL environmental conditions:

Low NF 0.5 dB
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that is common in the power management and connectiv-
ity realms but thus far has eluded the PA offerings in the 
industry,” comments Jim Mielke, VP of engineering at ABI 
Research.

The ~3 mm × 2 mm QFE2340 has a number of good 
merits but traditional PA providers (TriQuint, RFMD and 
Skyworks) have been continuously improving their offer-
ings too. Their product lines include MMMB PAs that sup-
port both high-band and low-band in a single package; with 
performance enhancements GaAs still offers over CMOS 
in high-power modes.

GPS Tracking Devices to 
Break $3.5 Million in 2019

T he GPS personal tracking market has always had 
huge potential yet it has faced huge barriers around 
awareness and RoI, expensive devices, cellular sub-

scriptions, indoor location and severe regionalization and 
fragmentation. As a result the market has never been able 
to scale suffi ciently to lowering  costs and creating revenue 
to support much needed marketing/advertising campaigns.

In its latest report, “Personal Location Device and Ap-
plication Markets,” ABI Research considers adoption of 
GPS devices and smartphone applications across family, 
elderly/health, lone worker, pets, and personal assets. Se-
nior analyst Patrick Connolly commented, “The potential 
of this market continues to draw investment and interest. 
Over the last 12 months, there has been a host of com-
panies entering this space, as well as a steady stream of 
start-ups. Start-ups like hereO and Estimote are buoyed by 
wearables and iBeacons; enterprise/commercial GPS com-
panies like Quattro Wireless and Masternaut are moving 
into areas such as mobile workforce management and lone 
worker applications; and the connected home market will 
evolve to support personal protection across children, pets, 
cars, etc. e.g. Life 360/ADT. Carriers eager to solve the 
problem of saturated mar-
kets have begun to recon-
sider this space with the 
dawn of GPS-enabled 
wearables and the Inter-
net of everything.”

This is refl ected in a 
signifi cant increase in 
GPS IC shipments into 
this space over the past 
year, as low cost GPS units 
become adopted world-
wide for a host of appli-
cations. iBeacons are set to be a major driver, solving the 
issue of indoor location, while also creating a low cost en-
try point for both OEMs and consumers. With BLE bea-
cons forecast to penetrate into all aspects of life over the 
next three years, consumer awareness and acceptance will 
quickly emerge.

Growth of Cellular Radio Components 
Likely to Accrue to Top Suppliers 

Over the next fi ve years, growth in cellular phones 
and related devices will push the market for cellu-
lar radio components to more than $45 billion led by 

basebands, power amplifi ers and related front end com-
ponents, as detailed in “Cellular Radio Components Still 
On a Healthy Trajectory Through 2018” a new report from 
Strategy Analytics.  

According to Christopher Taylor, director, “Total pro-
duction of cellular terminals surpassed 2.3 billion units in 
‘13, resulting in an increase in sales of radio components 

“In 2018, LTE devices 
will represent more 
than 70 percent of the 
cellular component 
market, which will 
include RF switches, 
fi lters, duplexers...
and other front end 
components.”

to more than $27 billion. 
Baseband processors will 
continue to make up the 
biggest piece of the bill of 
material in phones and re-
lated terminals, but carri-
er aggregation, diversity 
and MIMO in support of 
higher-speed LTE will put 
power amplifi ers, diversity 
receive modules, antenna 
tuners and drain modula-
tors on a strong growth 
trajectory as well.”

According to Stephen 
Entwistle, head of Stra-
tegic Technologies, “In 

2018, LTE devices will represent more than 70 percent 
of the cellular component market, which will include RF 
switches, fi lters and duplexers in new partitioning schemes 
with PAs and other front end components. Suppliers of RF 
front ends that do not work hard to provide OEMs with 
these new parts face marginalization.

Qualcomm Dumps Package in First CMOS 
PA Offering

T he highly promoted RF PA devices from Qualcomm 
are starting to hit production phones. The fi rst phone 
built with the Qualcomm PAs utilizes both the 

QFE2320 (for low-band) and QFE2340 (for high-band) 
multi-mode/multi-band (MMMB) PAs. These devices, 
along with the other front end components, are new of-
ferings for Qualcomm which has shied away from the PA 
area up until now.  Qualcomm introduced some expected 
developments including the fi rst CMOS MMMB PA in 
mass-production and the fi rst CMOS integrated PA/Switch 
in mass-production. However there was one big surprise.

“The unannounced characteristic, which is also an in-
dustry fi rst, is not so much something that is there, but 
something that is not: the QFE2340 does not have a pack-
age. The PA is directly attached to the PCB—a technique 

Visit mwjournal.com for more commercial market news

CommercialMarket
Cliff Drubin, Associate Technical Editor

“Over the last 
12 months, there 

has been a host of 
companies entering 

this space, as well as 
a steady stream of 

start-ups.” 
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The Internet of Things Will Keep Demand 
for Stand-Alone Bluetooth ICs Strong

The share of stand-alone Bluetooth ICs will be about 
40 percent by the end of 2014, down from 42 percent 
in 2013, and by the end of 2019 that share will re-

main at 40 percent. The steady market share of stand-alone 
Bluetooth IC is being maintained by both traditional de-
vice categories which consist of handsets, tablets, and PCs, 
and new growth categories including wearables, sports and 
fitness equipment and smart home nodes. “End user prod-
ucts such as smartphones and PCs have been shifting away 
from stand-alone solutions for some time now, and smart-
phones have shifted to integrated platforms with Bluetooth 
as well,” said research director, Philip Solis. “On the other 
hand, there is a growing long tail of devices around the 
Internet of Things (IoT) that will gravitate towards stand-
alone Bluetooth in many cases. The end result is that stand-
alone Bluetooth ICs will remain steady in share and grow 
with the overall market.” 

Handsets, smartphones and feature phones are a domi-
nant part of the Bluetooth chipset market and will remain 
so, but to a lesser degree throughout the forecast period. 
“Handsets comprised 62 percent of the market for Blue-
tooth ICs in 2013 and this will fall to 53 percent in 2019,” 

added Solis. This is a big part of the reason why over 70 
percent of Bluetooth ICs will be Smart Ready with a much 
smaller portion being Smart. These trends play into the 
hands of dominant vendors like Broadcom and Qualcomm, 
but still leave plenty of room for smaller Bluetooth chip-
set vendors. “The IoT will 
provide additional growth 
opportunities for all ven-
dors, but while the larger 
vendors tend to work with 
high volume customers 
and products, it is the 
smaller vendors that will 
be able to take advantage 
of the long tail of oppor-
tunities.”

Bluetooth has become 
ubiquitous in end user de-
vices, which has been critical for the growth of the technology 
in the IoT. However, one of the biggest growth markets for 
stand-alone and combo Bluetooth ICs – smart home nodes – 
will also have many competing wireless connectivity technolo-
gies. Bluetooth’s lack of mesh networking capabilities (aside 
from a proprietary implementation from CSR) might put it at 
a disadvantage against 802.15.4-based solutions.

“There is a growing 
long tail of devices 
around the Internet 

of Things (IoT) 
that will gravitate 

towards stand-alone 
Bluetooth…”
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Mergers & Acquisitions
Mentor Graphics Corp. announced the acquisition of 
XS Embedded GmbH (XSe), a technology leader in the 
creation of automotive system architectures and hardware 
reference platforms. XSe has over ten years of direct expe-
rience in the automotive electronics design industry across 
twenty automotive programs that combine hardware and 
software expertise. XSe brings a pioneering approach to 
accelerate system design and verification by providing au-
tomotive-grade hardware and software to reduce the time 
to SOP. Mentor is now well positioned to address the cross-
functional collaboration needs required to address the 
trends towards integration of Advanced Driver Assistance 
Systems (ADAS), Driver Information and Infotainment 
domains.

GigOptix Inc., a leading supplier of advanced high speed 
semiconductor components for use in long-haul, metro, 
Cloud connectivity, data centers, consumer electron-
ics links and interactive applications, through optical and 
wireless communications networks, announced that it has 
signed a definitive agreement to acquire for cash only, by 
way of assuming specified liabilities, substantially all of the 
assets of Tahoe RF Semiconductor Inc., a provider of 
RF/analog RFICs, IPs, and fully integrated systems and 
subsystems on a chip. 

Collaborations
Crane Aerospace & Electronics, Power Solutions will 
be supplying the Auto-Transformer Rectifier Unit (ATRU) 
to provide reliable power conversion for the Rockwell 
Collins Horizontal Stabilizer Control Unit (HSCU) sup-
plied to Embraer. The HSCU will be utilized on the 
Embraer E2 E-Jet family of medium range aircraft, with 
introduction planned by 2018. In other news, they have an-
nounced the appointment of Steve Barr as vice president 
operations for the electronics group of Crane Aerospace & 
Electronics. Located in Redmond, Wash., Barr will be re-
sponsible for operations and supply chain for all electronics 
group locations. 

New Starts
Keysight Technologies Inc. announced the electronic 
measurement business of Agilent Technologies has be-
gun operating under the Keysight name. It will remain a 
wholly owned subsidiary of Agilent Technologies until ear-
ly November when the separation is expected to be com-
pleted and Keysight begins trading on the NYSE under 
the symbol KEYS. Keysight is a market leader holding the 
number one position in its industry segments of communi-
cations; aerospace and defense; and industrial, computers 
and semiconductors. Keysight’s separation from Agilent 
was announced in September 2013.

AMC Solutions LLC, a leader in cost-effective marketing 
communications solutions for RF and microwave compa-
nies, is offering new services in North America and Europe. 
AMC Solutions supports new and expanding companies by 
growing sales, establishing markets and enhancing custom-
er relationships. Visit AMC at www.amcsolutions.info.

Isola Group S.a r.l. announced that its technical staff would 
offer a conversion service for PCB fabricators of RF and 
millimeter-wave applications. This global 24-hour design re-
view service will enable PCB fabricators to quickly and cost-
effectively transition their current RF substrates to Isola’s 
RF products and eliminate the production backlogs caused 
by the current shortages of RF substrates. The company also 
announced that it has increased production of its RF-related 
materials; Isola’s materials are in stock and ready to ship.

Achievements
Empower RF Systems announced the approval of a pat-
ent on “Broadband linearization module and method.” New 
communication services and the use of complex waveforms 
have created a demand for highly linearized power amplifi-
ers. Deviations from linearity show up as spectral distortions 
and/or modulation quality degradation (EVM) in the output 
of these amplifiers—that is, undesired energy, not contained 
in the original signal, inside or outside the frequency band of 
interest. Linearization techniques seek to reduce these dis-
tortions, allowing an amplifier to operate at its best spectral 
and power efficiency for the specific application.

The IEEE Region 6 Southern Area Award for Outstanding 
Corporate Service to the Engineering Community for 
2014 was recently presented to Maury Microwave. The 
award was presented at the Maury Microwave facility in 
Ontario, Calif. to Greg Maury, CEO, and members of 
his senior engineering and management staff. The IEEE 
Foothill Section presenters were Max Cherubin, IEEE 
Foothill Section MTT/APS Chapter Chair, and Frank G 
Freyne, IEEE Foothill Section Chair. The IEEE especial-
ly acknowledged the technical presentations and numerous 
student group tours conducted at the Maury Microwave 
facility over the past two years.

Coaxial Components Corp. also known worldwide as 
Coaxicom, announced that it has received AS9100C 
Certification after satisfying an audit of rigorous process 
control, quality management, and risk management re-
quired for registration. 

Dynawave Cable Inc. announced certification to the 
AS9100 quality management system by audit firm UL DQS 
Inc. AS9100 certification requires companies to demon-
strate practices and capabilities which meet the demand-
ing, complex and unique requirements of the defense and 
commercial aerospace industry. 

Contracts
Harris Corp. has received a $15 million order to deliver its 
latest wideband handheld tactical radio to a country in the 

For up-to-date news briefs, visit mwjournal.comFor More
Information

Around the Circuit 
Barbara Walsh, Multimedia Staff Editor
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Middle East. Harris is supplying this nation with the RF-
7850M handheld, a multi-band, multi-mission radio that 
provides advanced tactical communication capabilities. 
The radio offers a new embedded interface that gives users 
access to a library of applications that provide situational 
awareness, tactical messaging, file transferring and radio 
configuration support from a standard web browser. The 
interface is fully customizable through a software-develop-
ment kit, simplifying the process of creating and distribut-
ing new applications.

Microsemi Corp., a provider of semiconductor solutions dif-
ferentiated by power, security, reliability and performance, 
announced it was awarded a $12 million contract from a ma-
jor U.S. Department of Defense (DoD) supplier to manufac-
ture key receiver subsystems for smart munitions.

Communications & Power Industries LLC (CPI) has re-
ceived a contract totaling more than $6 million to provide 
power couplers for the European XFEL superconducting 
linear accelerator. Power couplers, which transmit the elec-
tromagnetic energy generated by a high-power microwave 
source, are critically important components in all super-
conducting accelerators, as they provide the vacuum and 
thermal interface between the evacuated superconducting 
cavity and waveguide components. CPI’s power couplers 
will be used to inject high-power microwave signals into 
multiple cryogenic cavities that form the European XFEL.

API Technologies Corp. announced it has received a $2 
million order for its high-reliability, radar warning receiver 
indicator solution. The solution will be used as part of an 
Electronic Warfare Management System (EWMS). 

Mercury Systems, Inc., a leading provider of affordable, 
commercially developed, open sensor processing systems 
and services for critical commercial, defense and intelli-
gence applications, announced it received $4.4 million in 
orders from a leading defense prime contractor for ad-
vanced RF microwave tuner and intermediate frequency 
(IF) products for a naval signals intelligence (SIGINT) ap-
plication. The orders were booked in the company’s fiscal 
2014 fourth quarter and are expected to be shipped by its 
fiscal 2015 second quarter.

People
Northrop Grumman Corp. an-
nounced Diane Daegele has been ap-
pointed vice president of business man-
agement for the Unmanned Systems 
division of its Aerospace Systems sector. 
In her new role, Daegele will be respon-
sible for the financial and business ad-
ministration activities for Unmanned ss Diane Daegele

Systems and its programs. Daegele 
joined the company in 1985 and has held numerous posi-
tions in business management and business development 
in such areas as advanced technology programs, national 
systems and TRW Ventures.
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Micron Technology Inc. announced that Stephen 
Pawlowski has been named as vice president of Advanced 
Computing Solutions. Pawlowski will be responsible for 
helping Micron’s computer and networking business unit 
further define and develop value-added memory solutions 
across enterprise and high-performance computing mar-
kets. Pawlowski joins Micron following a 31-year career at 
Intel Corp. where he most recently served as senior fel-
low. During his career at Intel, Pawlowski also served as 
chief technology officer of the Data Center and Connected 
Systems Group and general manager of the Architecture 
and Pathfinding Group.

Indium Corp. announced that Brian Reid has joined the 
company as vice president of operations. Reid is responsi-
ble for managing operations to achieve superior  
productivity, efficiency, quality, capability and delivery. 
Reid has more than 14 years of international  

manufacturing experience, including 
the creation and implementation of 
strategic plans, facility and capital man-
agement, and site master planning. 
Most recently, he served as vice presi-
dent of operations for Norwich 
Pharmaceuticals in Norwich, N.Y.

ss Brian Reid

Cory Allen has joined Signal Hound as marketing direc-
tor to develop web-based marketing structure and strat-
egy for the company’s growing customer base. Allen comes 
with a wealth of experience in website and creative devel-
opment. Most recently, Allen worked with several regional 
and national companies, including The Yoshida Group 
and Columbia Ultimate. In various marketing and creative 
services roles, Allen provided website design and develop-
ment, social media marketing and market analysis.

Peter Riedel has joined the Rohde & 
Schwarz executive board, succeeding 
Gerhard Geier who has retired. A com-
pany veteran of nearly 25 years, Riedel’s 
most recent position was head of the 
Radiomonitoring and Radiolocation 
Division. As the third member of the ex-
ecutive board, alongside president and 
CEO Manfred Fleischmann and ss Peter Riedel

president and COO Christian Leicher, 
Riedel will be responsible for the four operational divi-
sions: test and measurement, broadcasting, secure commu-
nications, and radiomonitoring and radiolocation. He will 
also be responsible for the Rohde & Schwarz subsidiary 
R&S Asia.

Leader Tech, a U.S. manufacturer of EMI shielding prod-
ucts, announced the appointment of Ike Wintin as the 
company’s new southeast regional sales manager. In his 
new position, Ike is responsible for managing all sales ef-
forts for the southeastern U.S. region. Over his five-year 
tenure with Leader Tech, Ike has been a valued part of the 
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sales team. He has held several positions in inside sales, 
estimating, and as international sales manager. Ike has 
earned an outstanding reputation as a dependable, loyal, 
responsive and productive sales manager in both the met-
als and electronics industries.

Rep Appointments
Anritsu Co. has expanded RFMW’s distribution territory 
for coaxial connectors and coaxial components. Along with 
the United States, the specialty electronics distribution 
company will now also market and sell Anritsu connec-
tors and components in Canada, Mexico, as well as Central 
and South America. Anritsu is a leader in the design and 
production of precision microwave components, and holds 
numerous connector design patents.

Custom MMIC, a developer of performance driven mono-
lithic microwave integrated circuits (MMIC), announced 
the appointment of TECH-INTER as its new European 
technical sales representative. TECH-INTER will cover 
France, Belgium, Netherlands, Luxembourg and Germany.

MITEQ Inc. announced the appointment of Instrumental 
Tech as the company’s non-exclusive sales representative 
in Argentina. Instrumental Tech will represent MITEQ’s 
Component and SATCOM divisions. The company also an-
nounced the appointment of Vermont Representacoes 
as the company’s non-exclusive sales representative in 
Brazil. Vermont Representacoes will represent MITEQ’s 
Component and SATCOM divisions.

Rosenberger of North America LLC announced R-Mor 
cable assemblies for test and measurement applications. 
These high performance microwave cable assemblies offer 
very low loss and high phase stability during flexure. R-Mor 
includes a wide range of available connectors, 2.92 mm/K, 
3.5, Precision N, SMA and 2.4 mm, as well as a highly 
flexible armor, ensuring highly repeatable measurements. 
Rosenberger’s R-mor cables are available through RFMW 
distribution in standard lengths of 18", 24", 36" and 48".

XMA Corp. announced the appointment of CK Associates 
as its exclusive sales representatives for the southwest-
ern region of the U.S. This territory includes Ariz., N.M., 
Nev. (Clark County) and southern Calif. (which includes 
Los Angeles, Orange County, San Diego and Imperial 
Counties), as well as Baja California (Maquiladoras).

Website
Tango Wave announced their new website (www.tango-
wave.com) is up and running. Tango Wave will also be 
participating in the IBC2014 (International Broadcasting 
Convention) conference and exhibition in Amsterdam. 
Tango Wave is a manufacturer of high-power, high-linear-
ity outdoor unit traveling wave tube amplifiers and sub-
systems designed for direct-to-home, global up-linking, 
satellite news gathering, broadcasting, voice/data, mobile 
up-linking and maritime applications.
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 European Microwave Week

Welcome to European 
Microwave Week 2014
Roberto Sorrentino
General Chairman, EuMW 2014
Ivar Bazzy
President, Horizon House Publications

Benvenuto and welcome to the Eter-
nal City of Rome where all roads, 
train tracks, bus routes and flight 

paths lead to the Fiera di Roma, which will play 
host to the 17th European Microwave Week 
from 5 to 10 October. During the week the 
three conferences: the 44th European Micro-
wave Conference (EuMC), the 9th European 
Microwave Integrated Circuits Conference 
(EuMIC) and the 11th European Radar Con-
ference (EuRAD), together with the European 
Microwave Exhibition and affiliated workshops 
and short courses will be the focus of the global 
RF and microwave industry.

The motto for 2014 is Connecting the Fu-
ture, which relates to the connection between 
Rome’s cultural heritage and the future of mod-
ern technology. It epitomizes EuMW’s balance 
of the established and trusted with the ground-
breaking and innovative, and illustrates a com-
mitment to building firm foundations that pro-
mote and encourage the development of new 
technology and drive the industry forward.

To connect industry with academia, the 
Welcome Reception on Tuesday evening pro-
vides an opportunity for networking and en-
courages interaction between delegates and 

industry in a relaxed and convivial atmosphere. 
On Wednesday evening the Gala Dinner will 
offer a special blend of art, history, music and 
Italian food in the historical Palazzo Brancac-
cio, preceded by a vocal music concert in the 
magnificent ancient Basilica di San Martino ai 
Monti, featuring the famous Italian soprano 
Gemma Bertagnolli. A strong calendar of so-
cial events allows attendees to mix business and 
pleasure throughout the week.

With a city rich in historical landmarks such as 
the Colosseum, the Trevi Fountain and the Span-
ish Steps, Rome is the perfect setting for Euro-
pean Microwave Week to celebrate significant 
achievements in the history of technological inno-
vation. Professor O. Bucci will kick off the week 
with his keynote speech commemorating the 
150th anniversary of James C. Maxwell’s theory 
of Electromagnetism. An EuMC Special Session 
will also commemorate the 50th anniversary of the 
famous “Black Bible,” by Matthaei, Young and 
Jones. Lead author Professor George Matthaei 
will provide his presentation via skype, offering 
insight into the historical aspects of the book, its 
contributors and its impact on the entire micro-
wave industry.

While having Europe at its heart, EuMW 
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also be the home of the conference 
Poster Sessions and Coffee Breaks 
which will feature the Publisher’s Cor-
ner and the ever popular Cyber Café.

Connecting the Future is particu-
larly relevant for the youngest attend-
ees, which is why EuMW continues 
to encourage student participation 
by offering two student competitions 
for master and doctoral students. The 
Student Challenge is a poster compe-
tition where groups of students de-
velop new ideas based on papers pre-
sented at the conference. The Student 
Design Competition is a design and 
measurement contest where the stu-
dents present the performance of pro-
totypes they have designed and built. 
Also, after its successful introduction 
in Nuremberg in 2013, the Industrial 
Career Platform offers the opportuni-
ty for companies to meet students and 
young engineers looking for a career 
in the RF and microwave sector.

As you can imagine, preparing and 
hosting EuMW requires a major effort, 
from paper submission and review, to 
the on-site organization at the venue. On 
behalf of the Local Organizing Commit-
tee we would like to thank the Technical 
Programme Committees of the three 
conferences along with the reviewers 
who worked tirelessly to shape the con-
ference programmes. We would like to 
acknowledge the EuMA Board for their 
continued advice and guidance and 
thank the Horizon House personnel as-
signed to EuMW for their indispensable 
expertise and support in organizing this 
major event. Recognition should also go 
to the organizers of workshops, special 
sessions and student events as well as the 
significant financial and in-kind sponsor-
ship of many industrial companies and 
organizations.

We hope that the comprehensive 
and varied, yet focused programme of 
events will lead YOU to Rome in Oc-
tober, and we look forward to seeing 
you there. ■

Roberto Sorrentino	  Ivar Bazzy

agencies. It will encompass the Eu-
RAD Opening Session for the third 
year running and conclude with the 
Executive Forum. More information 
can be found on page 78.

In addition to Connecting the Fu-
ture, EuMW 2014 will play a major 
role in connecting visitors and del-
egates with the industry that puts the 
theory into practice and products in 
the marketplace. The European Mi-
crowave Exhibition from 7 to 9 Oc-
tober offers the opportunity to get 
close-up and hands-on with the latest 
innovations from leading RF and mi-
crowave companies across the globe. 
Hall 9 will be filled to capacity with 
over 240 exhibiting companies tak-
ing up close to 8,000 square meters of 
gross space.

Engineers need practical solutions. 
The European Microwave Week Mi-
crowave Application Seminars (Mi-
croApps) that will take place in the 
MicroApps Auditorium in Hall 9 for 
the entire three days of the exhibition 
offers a platform for education and 
discussion. The Exhibition Hall will 

embodies and embraces the global 
RF and microwave industry. As an ex-
ample, in the framework of the fruit-
ful collaboration established in 2007 
between EuMA and the Asia Pacific 
Microwave Conference (APMC), a 
Special Session on APMC will feature 
three presentations highlighting re-
cent achievements in microwave tech-
nology in this region.

The well-established Women in 
Engineering event, co-sponsored by 
the IEEE MTT-Society, will present 
“Exploiting Microwaves for Preser-
vation and Enhancement of Cultural 
Heritages and Archaeological Sites,” 
and will fittingly end with a guided 
tour of the archaeological site of Ostia 
Antica.

The Roman Forum is another fa-
mous feature of the city and for one 
day EuMW will put the spotlight on 
its own Forum – the Defence, Secu-
rity and Space Forum. Now a major 
feature of EuMW, this Forum will 
take place on Wednesday 8th October, 
with executives representing indus-
try, academia, the military and space 

See us at EuMW Stand 119

__9M29 FINAL Proof.indd   66 8/28/14   8:53 AM

http://www.mwjournal-digital.com/mwjournal/september_2014/TrackLink.action?pageName=66&exitLink=http%3A%2F%2FWWW.NORDENGROUP.COM


See us at EuMW Stand 108B

Build your own solution with UMS
www.ums-gaas.com

RF and mm-wave 
Die and packaged solutions

Technology Platform

Product solutions Foundry solutions

Space Defense Automotive Telecom

Catalogue and specifi c 
developments

GaAs and GaN 
technology offer

Semiconductors Plastic & hermetic packaging
GaAs GaN SiGe Flange QFN Ceramic

• Power Amplifi ers up to 200W
• Mixed signal functions
• Very Low Noise Amplifi ers
• Multichip or packaged modules

• Space evaluated processes
•  Multi-project wafers 
•  Dedicated runs
• Known good dies
• Packaging services

AP_Microwave-RF-and-mm-wave.indd   1 22/08/2014   09:48MWJUMS0914.indd   67 8/27/14   8:38 AM

http://www.mwjournal-digital.com/mwjournal/september_2014/TrackLink.action?pageName=67&exitLink=http%3A%2F%2Fwww.ums-gaas.com
http://www.mwjournal-digital.com/mwjournal/september_2014/TrackLink.action?pageName=67&exitLink=http%3A%2F%2Fwww.ums-gaas.com


 European Microwave Week

Attending European 
Microwave Week 2014
Richard Mumford
Microwave Journal International Editor

Rome was not built in a day and the 
same goes for European Microwave 
Week. Over many years EuMW has 

evolved into the premier RF and microwave 
event in Europe and this year every effort has 
been made to tap into its history, build upon its 
strengths and drive the event forward.

Bringing industry, academia and commerce 
together, EuMW 2014 is a six-day event that 
includes three cutting edge conferences and 
one exciting trade and technology exhibition 
featuring leading players from across the globe.

The response to the Call for Papers has 
been impressive with 1,124 papers, plus 32 
workshop and short course proposals submit-
ted to the three conferences from close to 60 
countries. The result is an outstanding Tech-
nical Programme with 109 technical sessions, 
518 oral papers and 144 posters; plus special, 
focused and panel sessions covering a very 
broad range of conventional and emerging 
technical subjects.

The week’s global reach and influence is il-
lustrated by the fact that the opening and clos-
ing plenary sessions of each conference will 
feature keynote lectures delivered by interna-
tionally renowned leaders in their respective 
fields. Allied to the European Microwave Ex-
hibition, exhibitor workshops and seminars on 

a variety of topics have also been organized.
EuMW 2014 is expected to attract approxi-

mately 1,600 conference delegates, 4,000 at-
tendees and more than 240 exhibitors.

The theme for 2014 is Connecting the Fu-
ture and the EuMW Welcome Reception will 
continue to connect industry and academia by 
providing a conducive platform for networking 
and interaction. On Tuesday 7 October the re-
ception will be held in Hall 8 of Fiera di Roma. 
The evening will begin with a cocktail recep-
tion at 18:30, where guests will be addressed 
by the 2014 EuMW Chairmen. Guests will also 
hear remarks from the 2015 EuMW Chair-
man for Paris and Platinum Sponsor Keysight 
Technologies, and enjoy a three course buffet 
dinner.

The social aspect of EuMW will certainly be 
active throughout the week. The Gala Dinner 
scheduled for Wednesday evening will offer a 
special blend of art, history, music and Italian 
food. Although convivial interaction is essential 
to a successful event, the main aim of course, 
is to ensure that attendees have a productive 
and informative week. To help visitors achieve 
these aims the following quick reference 
guide is designed to complement the Confer-
ence Programme and Exhibition Show Guide, 
where you will find more detailed information.
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THE EUROPEAN MICROWAVE 
CONFERENCE

The technical programme extends 
from Monday to Thursday and fea-
tures about 80 oral sessions, includ-
ing focused sessions on hot topics, 
and three poster sessions, some of 
them joint with the other conferenc-
es. Moreover, 20 satellite workshops 
distributed between Sunday, Monday 
and Friday will allow for a compre-
hensive and strong interactive discus-
sion on specific topics of broad inter-
est.

The conference will formally 
start with the Opening Session 
on Tuesday, where two keynote 
speeches will be delivered by dis-
tinguished keynote speakers: Prof. 
O. Bucci from the University of 
Naples “Federico II” will elucidate 
the evolution of Maxwell’s theory of 
electromagnetic fields, and Philipp 
Schierstaedt from Infineon will 
speak on, “RF and RF-Power De-
vices for Communications and Ac-
tive Safety Systems.”

As part of the collaboration be-
tween the European Microwave Asso-
ciation and the Asia Pacific Microwave 
Conference (APMC), a special session 
has been organized where three dis-
tinguished invited speakers will con-
sider technological advancements in 
the Asia Pacific region.

The Closing Session will include 
a panel discussion promoted by the 
European Radio and Microwave In-
terest Group (EuRaMIG) on: “The 
Impact on Research Policy and Tech-
nical Developments in Europe Due 
to the Internet-of-Things and Other 
Technologies Within Horizon 2020.” 
Finally, the award ceremony for the 
EuMC Microwave Prize, the two 
EuMC Young Engineers Prizes, the 
Student Challenge Prize, and the 
Student Design Competition Prizes 
will close the conference.

THE CONFERENCES
There are three focused confer-

ences throughout the week with their 
own dedicated time slots.
•	 �The 9th European Microwave 

Integrated Circuits Conference 
(EuMIC) Monday 6 and Tuesday 7 
October 

•	 �The 44th European Microwave 
Conference (EuMC) Monday 6 
to Thursday 9 October 

•	 �The 10th European Radar Con-
ference (EuRAD) Wednesday 8 to 
Friday 10 October 

•	 �Workshops and Short Courses – 
from 5 October

•	 �In addition, the Defence, Secu-
rity and Space Forum will take 
place on Wednesday 8 October
The conferences cover a wide 

range of subject areas including: mi-
crowave, millimetre-wave and submil-
limetre-wave systems; antennas and 
propagation; wireless technologies; 
telecommunication (RF, microwave 
and optical); ICs, semiconductor ma-
terials and packaging; radar architec-
tures, systems and subsystems; and 
sensors and remote systems.

Registration, sponsored by Rohde 
& Schwarz, opened online 2nd June 
2014 and remains open up to and 
during the event until 10th October. 
There will be onsite registration from 
Saturday 4th October from 16:00 to 
19:00 and from 08:00 each morning 
from Sunday 5th October to Friday 
10th October.

The registration area will be lo-
cated in Conference Hall 10 (Centro 
Convegni). Attendees who have pre-
registered should bring their badge 
barcode and confirmation to the Fast 
Track desk onsite to have their bar-
code scanned and badge printed. For 
those who have not pre-registered 
there will be onsite registration ter-
minals located within the registration 
area, where delegates can enter their 
details and either pay immediately 
by credit or debit card or at the ca-
shier desk which provides a printed 
receipt.

Once in possession of their badges, 
delegates can collect their delegate 
bags, sponsored by Copper Mountain 
Technologies, Infineon and Selex ES. 
The bags will include a USB stick con-
taining the conference proceedings.

Narda Safety Test Solutions GmbH
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72793 Pfullingen, Germany
Tel. +49 7121 97 32 0
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www.narda-ida.com
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Peregrine Semiconductor, will stress 
a facet of “CMOS Integration: From 
Technology Breakthroughs to System 
Applications.” During the Closing 
Session, the Best Contributed Pa-
per to EuMIC 2014 and the EuMIC 
Young Engineer Award will be pre-
sented along with three GAAS® PhD 
Student Fellowships.

THE EUROPEAN RADAR 
CONFERENCE

EuRAD covers all relevant aspects 
of modern radar technology includ-
ing components, subsystems, archi-
tectures, applications and signal pro-
cessing. This year 190 papers were 
submitted, representing 18 percent 
of all papers submitted to EuMW. In 
addition, renown researchers in the 
radar community have organized fo-
cused sessions on hot topics such as 
“Advances in Passive Radar Systems, 
Clutter Modelling and Interference 
Suppression in Bistatic Radar Sys-
tems” and “Advanced Tomographic 
SAR Imaging: Processing Techniques 
and Applications.”

Two special sessions will review: 
“110 Years of Radar Developments in 
Europe After Hulsmeyer’s Telemobi-
loskop” and “Autonomous Driving-
Status-Quo and the Next Generation 
of Automotive Radar.”

The opening session, which forms 
part of the Defence, Security & Space 
Forum features two eminent plenary 
keynote speakers: Hugh Griffiths, 
Professor at the University College 
London, will consider: “The Chal-
lenge of Spectrum Engineering” and 
Robin Evans, Professor at the Univer-
sity of Melbourne, Australia, will dis-
cuss “Consumer Radar – Opportuni-
ties and Challenges.”

Expert workshops will take place on 
Sunday and Friday covering advanced 
areas of radar including: compressive 
sensing for radar applications; noise 
radar: monostatic, multistatic and 

THE EUROPEAN MICROWAVE 
INTEGRATED CIRCUITS 
CONFERENCE

The former GAAS® conference be-
gan in Rome in 1990. In 2014, its suc-
cessor – EuMIC – will celebrate its 9th 
edition. Jointly organized by GAAS® 
and EuMA, EuMIC remains the larg-
est scientific event in Europe related 
to RF microelectronics. With about 
170 papers submitted from authors all 
over the world, the conference is fo-
cused on high frequency applications 
of composite semiconductors, with the 
emphasis this year on space applica-
tions, from active device technologies 
to monolithic integration techniques.

Modelling topics featured will in-
clude device and system, small-signal 
and large-signal characterization, set-
ups and modelling approaches, and 
THz applications. In the technology 
sector, papers on wide-bandgap de-
vices and technologies, as well as de-
vices for microwave photonics and 
space-aspects of IC technologies have 
become a significant part of the con-
ference programme. Additional topics 
will include circuit design and appli-
cations; millimetre-wave and sub-
millimetre-wave devices and circuits; 
mixed-signal, tunable and reconfigu-
rable ICs; and integrated receivers 
and transmitters.

Two eminent and internationally 
recognised plenary keynote speak-
ers launch the opening session: Prof. 
Piergiorgio Picozza, of the University 
of Rome Tor Vergata will cover “Mi-
crowaves and the Mysteries of the 
Universe,” and Luigi Pasquali, CEO 
of Telespazio will consider “Micro-
wave Sensors and Technologies for 
Earth Observation.”

The closing session will include the 
traditional Foundry Session and two 
presentations: Franco Ongaro, techni-
cal director, ESA/ESTEC, will discuss 
“Microwave Technologies for Space 
in Europe,” and Ron Reedy, CTO of 

See us at EuMW Stand 231
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engineers, in particular, the opportu-
nity to discuss current projects with 
the experts and fi nd solutions.

Signifi cantly, Keysight Technologies 
will be exhibiting their wide range of 
RF and microwave test and measure-
ment products for the fi rst time as a 
new trading entity. After much antici-
pation, EuMW will offer visitors the 
chance to see, fi rst hand, the compa-
ny’s new set-up, view its current activi-
ties and discover its future plans. Key-
sight will also be sponsoring the coffee 
breaks where the coffee will be served 
in mugs sporting the company’s new 
logo. Alongside Keysight will be all the 
major manufacturers in the industry, 
many of which will use the exhibition 
to launch new products and fl oat future 
concepts on the show fl oor.

A trend that has emerged over re-
cent years has been the development 
of pavilions that provide an identity and 
platform for smaller companies and dis-
tributors to collectively band together 
and demonstrate the diversity of their 
country’s industry. This year the number 
of pavilions has grown to include Euro-
pean representation from past, present 
and future EuMW host countries in-
cluding: Germany, France, Holland, Ita-
ly and Spain. Demonstrations during the 
week is truly international – the Chinese 
pavilion will again be prominent, while 
manufacturers from the rest of Asia and 
the U.S. continue to be well represent-
ed. To fi nd out which companies will be 
exhibiting see the latest exhibitor list, on 
page 189.

A number of companies will again 
hold the popular Exhibitor Workshops 
where experts in their fi elds will offer 
live and hands-on demonstrations. The 
educational/instructional theme will 
continue on the show fl oor of Hall 9 
with European Microwave Week Mi-
crowave Application Seminars (Micro-
Apps), which, now in its fourth year, has 
become a recognized event in itself. 
The National Instruments (NI) (for-
merly AWR Corp.), Rohde & Schwarz 
and Horizon House sponsored semi-
nars will take place in the MicroApps 
Auditorium for the entire three days of 
the exhibition.

And there’s more… The exhibi-
tion hall will also be the home of the 
conference Poster Sessions, Coffee 
Breaks and the Publisher’s Corner. 
Once again CST is sponsoring a Cy-

THE EXHIBITION
The European Microwave Exhibi-

tion, 7 to 9 October, plays a central 
role in promoting the products and 
services that are at the forefront of in-
novation. It is the major platform in 
Europe for RF and microwave manu-
facturers to showcase their portfolio 
of products and latest technology to a 
global audience. The exhibition offers 

MIMO; forward radar scattering and 
photonics for radar systems.

See us at EuMW Stand 222
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follow the signs for Fiera di Roma 
where there are 5,000 parking spaces.

By Rail
Fiera di Roma is connected to the 

Rome Tiburtina, Tuscolana, Ostiense and 
Trastevere stations by the FL1 regional 
train. FL1 trains run every 15 minutes 
(30 minutes on Sundays and Holidays).

By EuMW Shuttle Buses
To enable easy access to the venue 

three free shuttle bus routes have been 
organised. Route (A) Shuttle buses con-
necting the Fiera di Roma station of 
FL1 train to the Fiera di Roma North 
entrance. Route (B) Shuttle buses from 
Magliana Station of the Metro B line to 
Fiera di Roma. Route (C) Shuttle buses 
from the Holiday Inn Eur Parco De 
Medici (Headquarter Hotel) and hotels 
located in the vicinity of Parco dei Medi-
ci (Sheraton Golf, Marriott Rome Park 
Hotel and Ibis Roma Fiera) to the FL1 
station Muratella. For more informa-
tion visit: www.eumweek.com/confer-
ences/How-to-Get-Here.html#sthash.
sJd1bVQ4.dpuf.

HOTEL RESERVATIONS
Horizon House has teamed up 

with Hotelzon to offer a wide range of 
accommodations at competitive rates. 
To make a booking simply visit Hotel-
zon’s booking page at www.hotelzon.
com/en/uk/events-eumw or email sal-
ly.garland@hotelzon.co.uk.

SHOPPING & SIGHTSEEING
Rome is a beautiful and exciting 

city, known for its history, cuisine and 
fashion. Whether you are looking to 
relax or sightsee, Rome has so much 
to offer. There are the famous tourist 
attractions such as The Vatican and St. 
Peter’s Square, the Colosseum, Trevi 
Fountain and the Spanish Steps, as 
well as many museums and galleries.

Italy’s capital is also a great place 
for shopping. The most popular shop-
ping areas include: Piazza di Spagna 
(Spanish Steps, Via dei Condotti), Via 
del Corso, Trastevere (located just 
over the River Tiber), Viale Marconi 
and Porta Portese, and Piazza Navona 
(Via del Governo Vecchio).

There are various tours and excur-
sions organized as part of the EuMW 
Social Events & Partner Programme. 
Visit www.rome.info for more infor-
mation. ■

GETTING TO THE FIERA DI 
ROMA

Fiera di Roma is located less than 5 
kilometres from the Leonardo da Vinci 
(Fiumicino) Airport of Rome and visi-
tors should use the North Entrance.

By Car
From the GRA (Rome’s orbital) 

take Exit 30 toward Fiumicino, then 

ber Café located on the show floor for 
all delegates, exhibitors and visitors to 
use, with free Wi-Fi access.

Exhibition Opening Hours
�Tuesday 7 October: 09:30 to 17:30 
(followed by the Welcome Reception)
Wednesday 8 October: 09:30 – 17:30
Thursday 9 October: 09:30 – 16:30
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 European Microwave Week

THE 2014 EUMW DEFENCE, 
SECURITY AND SPACE FORUM
Richard Mumford
Microwave Journal International Editor

The defence and security of individu-
als, property, transportation systems 
and borders is fundamental to na-

tional and international stability. Threats are 
ever present and ever changing – they can 
come from land, sea or air and can be enacted 
by armies or a single terrorist. Similarly, the 
methods and technology that is being devel-
oped to combat such threats must adapt and 
evolve too.

Recently, the vital role of space for civil se-
curity, emergency response and crisis manage-
ment has matured. Space based systems are 
key enabling technologies for data transmis-
sion, observation and positioning, affording 
them a vital role in the effective implementa-
tion of defence and security systems.

Consequently, as the title suggests, the 
space sector will be a major focus of the 2014 
EuMW Defence, Security and Space Forum. 
Following its established format the Forum 
will feature executives from industry, aca-
demia, the military and from space agencies. It 
will be held in combination with the opening of 
EuRAD and will conclude with a round-table 
discussion.

This year there will be special emphasis on 

how RF integrated systems can be designed 
and deployed into structures such as build-
ings, plants, dams, airplanes, airships, UAV and 
spacecraft that will serve as critical infrastruc-
ture protection and resilience.

THE FORUM FORMAT
To follow is a brief outline of each session. 

A full listing of the presentations at the time of 
going to press can be found on pages 82 and 83.

The Forum begins with the “Microwave 
Journal Industry Panel Session” (09:00 - 
10:40), which will offer an industry perspective 
on the key issues facing the defence, security 
and space sector. In accordance with the theme 
for 2014, the panel will address: “Defence and 
Security Infrastructure.” The morning will 
conclude with the “EuRAD Opening Session” 
(11:20 - 13:00).

The “Strategy Analytics Lunch and Learn” 
session will add a further dimension by offer-
ing a market analysis perspective, illustrating 
the status, development and potential of the 
market.

The early afternoon session (14:20 - 16:00) 
will consider “Integrated RF Solutions and 
its Enabling and Disruptive Technologies on 

78  MICROWAVE JOURNAL  SEPTEMBER 2014

A one-day Forum on Wednesday 8 October, addressing the application of RF 

integrated systems to defence and security infrastructure.

Room Flavia

Fiera di Roma Conference & Exhibition Centre

Scan page
using           app
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Zero in with zero doubt. Friend or foe? In the blazing 

fast world of EW, an operator 

may need to decide in a 

nanosecond. Building a 

system which meets that 

challenge on time and on 

budget can be a daunting 

task. The 2600 Series COTS 

Synthesizer will get you 

started. 

•  Broad frequency range  
up to 40 GHz

• 1 Hz resolution standard

• Fully phase coherent

•  250 nS switching  
speed—fully settled,  
true hopping rate

•  Ultra-low phase noise

Built for rough environments, 

the 2600’s architecture is 

developed around stable 

direct analog and direct digital 

frequency synthesis with no 

VCOs or sensitive PLLs.

Zero in on the best COTS 

solution available by calling 

the ASCS team today.

732-460-0212 

www.aeroflex.com/ASCS
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European 
Microwave Week

Critical Infrastructures and Civil Pro-
tection.” It will feature speakers from 
industry and academia who will con-
sider RF solutions and systems that 
contribute to civil protection, the pro-
tection of our critical infrastructures 
and disaster relief. The session will 
conclude with an open forum discus-
sion with all speakers.

Rounding off the technical ses-
sions the “EuMW Defence, Security 
& Space Executive Forum” (16:40 
- 18:20) will feature two executives 
from space industry and governmen-
tal institutions who will proffer their 
views on defence and space systems 
for security. They will be comple-
mented by three pitch presentations.

The day’s proceedings will con-
clude with a cocktail reception (18:20 
- 19:00) that will afford delegates the 
opportunity to network and discuss 
the issues raised throughout the fo-
rum in an informal setting.

REGISTRATION & UPDATES
Registration fees are Є10 for those 

who have registered for a conference 
and Є50 for those not registered for 
a conference. Register online at www.
eumweek.com

As information is formalised, the 
Conference Special Events selection 
of the EuMW website will give details 
of the speakers for all sessions and will 
be updated on a regular basis. ■

EXODUS
ADVANCED COMMUNICATIONS
High Power Amplifiers / Low Noise Amplifiers  / Waveguide Components / Antennas & Cavity Filters
Modules & Systems / Power Levels available up to 3KW  / Frequencies available up to 26.5GHz

Exodus Advanced Communications, Corp.
170 S. Green Valley Parkway Suite 300 Henderson, NV 89012 U.S.A.
Tel : 1-702-534-6564     Fax : 1-702-441-7016
Email : sales@exoduscomm.com     Web : www.exoduscomm.com

SAW�for
Defense�&�Space

90�Wolcott�Rd.��Simsbury,�CT�06070�� � �(860)�651-0211

Integrated�Microwave�Assemblies�for
IF�signal�processing�with�SAW’s
exceptional�performance:
�•�state-of-the-art�design
�•�high�freq�selectivity
�•�high�dynamic�range
��•�MIL�&�space�qual
�•�minimal�SWaP
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•  SPDT, SP3T to SP10T, Transfer Switches, RF Switch Matrices

Reliability     -     Repeatability     -     Lifetime

+44 1236 453 124
www.teledyne-europe.com
sales_europe@teledyne.com

COAX SWITCHES

RF & Microwave
Switching
Solutions

•  DC to 40 GHz (COAX Switches)
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• Signal Integrity up to 25Gbps
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•  DC to 16 GHz (SMT Relays)
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MWJ/The 2013 Defence&SecurityAD/0913

At European Microwave Week
    Wednesday 8 October Room Flavia, Fiera di Roma Conference & Exhibition Centre

A one-day Forum addressing the application of  
RF integrated systems to defence & security infrastructure
Programme:

09:00 - 10:40 Microwave Journal Industry Panel Session:  
Defence and Security Infrastructure
•	  Bringing Commercial Manufacturing Practices to Defence Electronics 

Doug Carlson, MACOM, representing Richardson RFPD/Arrow RF & Power
•	  Going Vertical to Meet the Demands of Space 

Anthony Sweeney, Mercury Systems Inc.
•	  The Bandwidth Revolution: How Off the Shelf Converter Technology is Changing Electronic Warfare 

Jin Bains, National Instruments
•	  Defence Systems Take Flight with Intelligent RF Integration 

Duncan Pilgrim, Peregrine Semiconductor 
•	  The State of The Art in Personnel Screening with mmWave Technology for Security  

Checkpoints – Dr. Sherif Ahmed, Rohde & Schwarz

11:20 - 13:00 EuRAD Opening Session
13:10 - 14:10 Lunch & Learn, Market Watch 
•	  Defence Technology Strategies for Critical Infrastructure Protection 

Asif Anwar, Strategy Analytics

14:20 - 16:00 Integrated RF Solutions and its Enabling and Disruptive 
Technologies on Critical Infrastructures and Civil Protection
•	 The Domino Effects in Critical Infrastructures – Alfonso Farina, Selex ES
•	  Civil Protection, Protection of Critical Infrastructures, Disaster Relief:  

Vertical Applications over a Common Architecture with Heterogeneous Communications 
Giovanni Guidotti, Selex ES

Sponsored by:

The 2014 Defence, Security 
and Space Forum

•	  Threats and Countermeasures in the Homeland Security Scenario 
Giorgio Franceschetti, University of Naples

•	 Security at European Institutional Level – Cristina Leone, Finmeccanica
•	  Emergency and Disaster Wideband Communication involving Satellites, Helicopters and 

Ground Mobile Systems – Edgar Lemos Cid, University of Vigo
•	  Monitoring of Buildings, Bridges, Houses and Monuments by Shelf Sensors and Radio  

Frequency (RF) Energy and Transmission – Bruno and Sergio Pereira, Universidade de Averio
•	  Improving Performance of Bio-radars for Remote Heartbeat and Breathing Detection by  

using Cyclostationary Features – Daniel Malafia, Universidade de Aveiro

16:40 - 18:20 EuMW Defence, Security & Space Executive Forum
•	  Col. Walter Villadei, Italian Air Force, ItAF Space Policy Office and Dr. Giancarlo Grasso, 

Finmeccanica, will proffer views on defence and space systems for security.
•	  Joint Applications of Airborne and Spaceborne Radars – Rudolf Zahn, Airbus Defence and 

Space, Frank Hensler, Astrium Eads, Martin Kirscht, Cassidian
•	  Instrumented Fuzes for Aero-Ballistics Diagnostics of Large-Caliber Projectiles 

Bernard Loic, ISL
•	  New Technologies and Innovative Payload for Space Q/V-Band Telecommunications  

Herve Leblond, Thales Alenia Space  

18:20 - 19:00 Cocktail Reception

Registration fees are Є10 for those who have registered for a conference and 
Є50 for those not registered for a conference. 

Organized by:

Details in this programme are correct at the time of going to press – updates will be posted on eumweek.com 

Register at
eumweek.com
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SpecialReport

Microwaves in 
Europe: 
20-20 Vision?

Richard Mumford
Microwave Journal International Editor

Horizon 2020 has evolved from vision to reality. Can it provide the focus to 
ensure Europe’s global competitiveness and does the European RF and  
microwave industry have the foresight and expertise to both contribute and 
benefit?

Muttered only in hushed tones in the 
corridors of power and the board-
rooms of industry in Europe, the 

words ‘economic’ and ‘recovery’ are tentatively 
being combined once again. After years of aus-
terity, which has seen a squeeze on funding, 
cut backs in services and a rationalization of 
resources, the general consensus is that there 
is justification for cautious optimism.

Although it would be premature, foolhardy 
and amnesic to pronounce – crisis, what crisis 
just yet – green shoots of recovery are start-
ing to emerge through the gloom of recession. 
They will need to be carefully nurtured, nour-
ished financially and protected from the vaga-
ries and harsh realities of the global market.

According to the latest Innovation Union 
Competitiveness Report, the EU is facing in-
creasing world competition, in particular, at 
the higher end of global value chains. In 2011, 
more than 70 percent of the world’s knowl-
edge creation was taking place outside the EU. 
However, it still remains the main centre for 
knowledge production in the world, account-
ing for almost a third of the world’s science and 
technology production and continues to be an 
attractive location for R&D investment.

The EU report also identifies that science 
and technology development in the U.S. and 
Asia tends to be more strategic than in the EU 

and more focused on transformative technolo-
gies targeted towards emerging global markets; 
while technologically the EU is more focused 
on established and traditional industries.

Encouragingly, evidence from the Europe-
an Commission’s Innovation Union Scoreboard 
2014 and the Regional Innovation Scoreboard 
2014 indicates that Europe is closing its inno-
vation gap with the United States and Japan. 
It states that overall progress has been driven 
by the openness and attractiveness of the EU 
research system as well as business innovation 
collaboration – a testament to the Framework 
Programmes (FP) that Horizon 2020 aims to 
take forward.

At a global level, the scoreboard shows that 
South Korea, the U.S. and Japan have an inno-
vation performance lead over the EU. Howev-
er, the EU continues to outperform Australia, 
Canada and all BRICS (Brazil, Russia, India, 
China and South Africa) countries. While this 
lead is stable or slightly increasing, the excep-
tion is China, which is evolving at pace.

Against this background it is imperative that 
Europe remains competitive in order to sus-
tain economic recovery. That means growth 
based on innovative products and services that 
can compete in global markets. Europe cannot 
compete on costs, so fostering commercially 
viable innovation is a prerequisite for growth.

84 	 	 MICROWAVE JOURNAL  SEPTEMBER 2014

__9M28 FINAL.indd   84 8/28/14   8:54 AM



MWJGORE0214.indd   85 8/27/14   8:39 AM

http://www.mwjournal-digital.com/mwjournal/september_2014/TrackLink.action?pageName=85&exitLink=http%3A%2F%2Fgore.com%2Ftest


86   MICROWAVE JOURNAL  SEPTEMBER 2014

SpecialReport

PRECISE 
CONTACTING  
OF SWITCH 
CONNECTORS
The new HFS-823 offers precise 
contacting of Switch Connectors  
which are used in products such as 
Mobile Phones, GPS and Wireless 
Networks.

The optimized design, with high  
return loss and low insertion loss, 
guarantees consistent and  
reproducible measurement results  
in the series production.

I N N O V AT I O N 
CAMPAIGN
NO. 19

Visit us at booth B 156/157,  
EuMW,   07.–09.10.2014  
in Rome, Italy. 

www.ingun.com/tradeshows

INGUN - Made in Germany
Find out more about 
our innovations under: 
www.ingun.com/ 
innovations

Test Probes · Test Fixtures

  

distant future. Such technology’s po-
tential to have a major impact on sys-
tem performance is likely to have sig-
nifi cant implications.

In his overview of the Semiconduc-
tors and IC sector, EuMIC 2014 Chair 
Franco Giannini, recognizes the signifi -
cant progress in RF system miniaturiza-
tion and the reduction of total power 
consumption, but he also sees major 
challenges for RF integrated circuits 
related to mobile communications. Gi-
annini envisions microwave semicon-
ductor technologies playing a key role 
in civil and defence systems as well as 
in the space environment for communi-
cations, particularly remote sensing for 
Earth observation and radiometry.

Europe cannot compete on 
costs...

The ‘space environment’ Giannini 
refers to has changed dramatically in 
recent years. It has become a global 
business and is no longer the sole 
preserve of a few powerful nations. 
With the European space industry 
facing increasing competition from 
new emerging space powers such as 
China and India, it is vital to ensure 
that it can thrive and compete in the 
global marketplace. That is one of 
the reasons why EU space research is 
identifi ed by Horizon 2020 as one of 
Europe’s ‘key industrial technologies,’ 
with Horizon 2020 dedicating Є1.7 
billion to space research and innova-
tion.

Global Navigation Satellite Sys-
tems (GNSS) have come to the fore-
front. The launch of major projects 
such as the European Galileo and 
Chinese Beidou/Compass as well as 
the introduction of two new regional 
navigational systems – Indian Region-
al Navigational Satellite System and 
the Japanese Quasi-Zenith Satellite 
System – is increasing the availability 
of GNSS solutions.

We are also seeing the implementa-
tion of commercial off-the-shelf (COTS) 
GNSS solutions which can be utilized 
both commercially and by the military 
with Frost & Sullivan’s Military Global 
Navigation Satellite Systems Market 
Assessment, fi nding that the market 
earned revenues of $1.98 billion in 2013 
and estimates this to reach $2.18 billion 
in 2022 at a compound annual growth 
rate of 1.1 percent.

In the race to prosperity, the Euro-
pean RF and microwave industry is in 
pole position, at the forefront of key 
technologies such as mobile commu-
nications and wireless technologies, 
which are sought-after commodities 
playing a vital role in today’s society. 
Through its research, innovation and 
industrial activities, the RF and mi-
crowaves sector is addressing the is-
sues of today, tackling technological 
challenges and striving to create real 
business opportunities.

As an entity the RF and microwave 
industry is extensive and far reaching, 
infl uencing a multitude of markets 
and impacting the  everyday lives of 
citizens as well as  the economic  sta-
bility of many nations. The industry’s 
enterprise, scale and technological 
trends are outlined in the RF and Mi-
crowave sector interview by EuMC 
2014 Chair, Lorenzo Mariani, that ap-
pears later in this report.

Mariani points out that microwaves 
are a core technology for civilian, de-
fence, and security application systems 
such as wireless communications, sen-
sor networks and radar systems. He 
emphasises the rapid re-emergence 
of wireless communications, the sig-
nifi cant role of ‘adjacent technologies’ 
such as ICT and the development of 
‘microwave photonics’ in electronic 
RF based systems including radar.

…green shoots of recovery 
are starting to emerge...

According to EuRAD 2014 Chair 
Enzo Dalle Mese, the main areas of 
development in the radar arena are: 
passive, imaging, antennas and min-
iaturization. He also highlights the 
signifi cance of the major expansion 
of civil applications and predicts that 
by taking advantage of the reduction 
of hardware – allied to the progress in 
semiconductor power devices and in-
tegrated circuit development – “radar 
on a chip” could become reality.

Indeed, semiconductor and IC 
technology are opening up new ho-
rizons. GaAs and silicon-based IC 
technologies are extensively used 
in modern systems, while emerging 
technologies such as wide bandgap 
semiconductors (GaN, SiC, etc.), InP/
Antimonide CNT and Graphene-
based devices are expected to become 
commercially available in the not too 
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typing, demonstration and pilot type 
activities; for business-driven R&D; 
for promoting entrepreneurship and 
risk-taking; and for shaping demand 
of innovative products and services.

The next section of this report ex-
plains in more detail the structure and 
key initiatives of Horizon 2020 and 
the mechanisms in place in order to 
achieve those goals.

HORIZON 2020
Specifi c efforts have been made 

to cut red-tape and major simplifi ca-
tion will be facilitated by a single set 
of rules. As previously mentioned, the 
Horizon 2020 programme is different 
from the seven previous framework 
programmes because for the fi rst time 
it focuses on innovation rather than 
research and development and puts a 
greater emphasis on the deployment of 
technologies and their path to market.

Small to medium sized enterpris-
es (SME) are the lifeblood coursing 
through the veins of the European 
economy and they are a vital compo-
nent of the RF and microwave indus-
try.

A key ingredient of Horizon 2020 
is Innovation in SMEs, which aims to 
attract more SMEs to Horizon 2020, 
provide support to a wider range of in-
novative activities and help to increase 
the economic impact of project results 
by its company-focused and market-
driven approach.

Financially, Innovation in SMEs 
funds additional activities intended 
to support entrepreneurship, inter-
nationalization, and improved access 
to markets through the Competitive-
ness of Enterprises and Small and 
Medium-sized Enterprises (COSME) 
programme.

…SMEs are a vital component 
of the RF and microwave in-
dustry.

COSME will run from 2014 to 
2020 with a planned budget of Є2.3 
billion and offer two different fi nan-
cial instruments. Under the Loan 
Guarantee Facility, the COSME 
budget will fund guarantees and 
counter-guarantees for fi nancial inter-
mediaries to help them provide more 
loan and lease fi nances to SMEs. Via 
the Equity Facility for Growth, the 
COSME budget will also be invested 

Considering defence in general, 
Frost & Sullivan’s Global Defence Out-
look found that defence procurement 
spending was $600 billion in 2013 and 
is expected to reach $660 billion in 
2018. Command, control, communi-
cations, computers, intelligence, sur-
veillance and reconnaissance (C4ISR) 
contributed the most to market rev-
enues in 2013 due to the high demand 
for radars, optical sensors, sonars and 
secure fl exible networks.

It is precisely to encourage, sup-
port and sustain such ‘industry’ that 
Horizon 2020 has been formulated to 
build on the Framework Programmes 
which have played their part in en-
couraging growth during a diffi cult 
trading period. After a long gestation 
period and much touting, the EU has 
put Є80 billion of funding where its 
mouth is for Horizon 2020. The fund-
ing available over seven years (2014 
to 2020) is one of the few areas of 
the EU’s new budget to see a major 
increase in resources and is claimed 
to be around 30 percent more, in real 
terms, than FP7’s budget.

Horizon 2020 is the fi nancial instru-
ment implementing the Innovation 
Union, which has the political backing 
of Europe’s leaders and the Members 
of the European Parliament. Research 
is seen as an investment in the future 
that is at the heart of the EU’s blue-
print for smart, sustainable and inclu-
sive growth and jobs. The goal is to 
ensure Europe produces world-class 
science, removes barriers to innova-
tion and makes it easier for the public 
and private sectors to work together in 
delivering innovation.

…semiconductor and IC tech-
nology are opening up new 
horizons...

Signifi cant  to the RF and micro-
wave industry is that a key reform in 
Horizon 2020 will fund innovation as 
well as research and it is actively en-
couraging and investing in key ena-
bling technologies such as ICT, nano-
technology, materials and production 
technology.

Its stated aim is to provide support 
at every step of the journey from ‘lab 
to market,’ offering companies – large, 
medium and small – numerous oppor-
tunities to take part. In addition, more 
money is available for testing, proto-
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for future European competitiveness 
and growth. Under Horizon 2020, 
FET actions have been allocated a 
provisional budget of Є2,696 million.

Industrial Leadership will focus 
on space research. The motto for EU 
Space R&D from 2014 to 2020 under 
Horizon 2020 is, ‘Prepare for the in-
creasing role of space in the future and 
reap the benefi ts of space now.’ The 
main objective of the space research 
initiative is to foster a cost-effective 
competitive and innovative space in-
dustry (including SMEs) and the re-
search community to develop and 
exploit space infrastructure to meet 
future union policy and societal needs.

Building on the successes of FP7, 
Horizon 2020 will enable the Euro-
pean space research community to 
develop innovative space technologies 
and operational concepts – from an 
idea to demonstration in space – and 
to use space data for scientifi c, public, 
or commercial purposes. Actions will 
be carried out in conjunction with re-
search activities of the Member States 
and the European Space Agency 
(ESA), aimed at building up comple-
mentarity among different players.

To achieve its goals, Horizon 2020 
requires adequate and accessible 
funding. Therefore, the European 
Commission and the European In-
vestment Bank Group (EIB) have 
launched a new generation of EU fi -
nancial instruments and advisory ser-
vices to help innovative fi rms access 
fi nance more easily.

…foster a cost-effective com-
petitive and innovative space 
industry …

Over the next seven years, it is 
expected that the InnovFin – EU Fi-
nance for Innovators’ range of tailored 
products will make more than Є24 bil-
lion in fi nancing available for research 
and innovation by small, medium and 
large companies and promoters of re-
search infrastructures. This fi nancing 
is expected to support up to Є48 bil-
lion of fi nal R&I investments. The tai-
lored products range from guarantees 
for intermediaries that lend to SMEs, 
to direct loans, to enterprises.

SECTOR OVERVIEWS
The Horizon 2020 programme is 

designed to generate an environment 

in funds that provide venture capital 
and mezzanine fi nances to expansion 
and growth-stage SMEs, particularly 
those operating across borders.

Providing SMEs access to poten-
tial markets is viewed as a priority, with 
COSME funding IPR SME Helpdesks 
for China, ASEAN and Mercosur in or-
der to help small and medium enterpris-
es deal with issues relating to intellectual 
property rights in these countries.

…science and engineering 
provide the basis for future 
European competitiveness 
and growth.

The EUREKA and Eurostars Pro-
grammes, which regular readers of this 
annual report will be familiar with, are 
now entering the next phase, whereby 
the second EUREKA/Eurostars Joint 
Programme Initiative (2014-2020) will 
provide funding for market-oriented 
transnational collaborative R&D proj-
ects. EUREKA, like Horizon 2020, is a 
European platform for research focus-
ing on turning new technologies into 
marketable products.

Eurostars is a European funding 
programme specifi cally dedicated to 
SMEs focusing on innovative tech-
nologies that pools together national 
resources, with the aim of strengthen-
ing integration and synchronization of 
national research programmes con-
tributing to the achievement of a Eu-
ropean Research Area. Its success un-
der FP7 has tripled the Horizon 2020 
budget for the Eurostars programme.

The Research Executive Agency 
(REA) is a funding body created by 
the European Commission to maxi-
mize the effi ciency and impact of EU 
research and innovation programmes. 
REA manages the four pillars of the 
Horizon 2020 Framework Programme 
for Research and Innovation: excellent 
science, industrial leadership, societal 
challenges and cross-cutting themes. 
The fi rst two are of particular interest 
to RF and microwave companies.

Excellent science encompasses 
Future and Emerging Technologies 
(FET), which fund collaboration be-
tween advanced multidisciplinary sci-
ence and cutting-edge engineering. It 
is intended to help Europe grasp lead-
ership early on in promising future 
technology areas and provide the basis 
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recorded major achievements – with 
RF and microwave technology play-
ing a pivotal role. In the 21st century, 
the problem of sustaining civilization’s 
continued advancement, while still 
improving the quality of life, is the 
immediate challenge. Old and new 
threats to society as a whole demand 
more efficient and readily available 
engineering solutions. RF and mi-
crowave technologies can continue to 
play a key role in this endeavour and 
the 2014 European Microwave Con-
ference will play its part in moving 
technology forward.

The ‘classical microwave 
perimeter’ is quickly expand-
ing....

Microwaves is a core technology for 
civilian, defence and security applica-
tion systems, such as wireless communi-
cations, sensor networks and radar sys-
tems. The rapid re-emergence of wire-
less communications (after G. Marconi’s 
discovery, Nobel laureate 1909) in all 
facets of today’s society has given micro-
wave technology renewed prominence.

Typical enabling microwave basic 
technologies, devices and assemblies 
are: passive components and filters, tun-
able devices, microwave interconnects 
and packaging, MMICs, UWB systems, 
wireless power transfer and energy 
harvesting, biosensors, simulation and 
characterization tools, low phase noise 
equipment, high power density GaN-
HEMT transistors and technical solu-
tions for heat management.

...microwaves are pervasively 
entering into several work 
programmes.

The ‘classical microwave perim-
eter’ is quickly expanding, not only 
because of the presence of new Asian 
players contributing to the technology 
evolution, increasing the global in-
vestment in the field, but also because 
of the role of ‘adjacent technologies’ 
such as ICT. The increase in frequen-
cies and bandwidths for communica-
tions is fostering a ‘novel approach’ in 
the microwave domain as is the case 
with fibre optics, enabling so-called 
‘Microwave Photonics’ in electronic 
RF based systems including radar.

Significantly, an ultimate frontier, 

Integrated Circuits (EuMIC) Confer-
ence and the European Radar Con-
ference (EuRAD) to offer insight into 
key areas of development and identify 
future trends.

RF and Microwaves
Sector overview 
by Lorenzo 
Mariani, EuMC 
2014 Chair

In the 20th cen-
tury, engineering 

that will encourage research, innova-
tion and growth. The European RF 
and microwave industry is in a good 
position to take advantage and move 
forward. The activity and technologi-
cal prowess of the industry will be 
effectively demonstrated at the 2014 
European Microwave Week in Rome, 
Italy in October. Therefore, this re-
port has enlisted the Chairmen of the 
three 2014 EuMW conferences – the 
European Microwave Conference 
(EuMC), the European Microwave 
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ment in R&D is being undertaken by 
the European Defence Agency in the 
security sector where different kinds 
of microwave and terahertz sensors 
are being studied and developed.

...multi-disciplinary profes-
sional competence is becom-
ing a ‘must’.

New trends in the education of 
microwave engineers are focusing on 
emerging technologies and innovative 
design techniques: multi-disciplinary 
professional competence is becoming 
a ‘must’. To maintain and grow mi-
crowave know-how, the professional 
status of engineers should be prop-
erly encouraged and recognized, for 
instance, by continuing certified edu-
cation and by the institution of ‘char-
tered RF and microwave engineer’ 
status. Such professional acknowl-
edgement should shape the education 
in the microwave domain, and en-
hance microwave engineers’ CVs. The 
spread of web technology enables and 
encourages distance education and 
collaborative projects among teachers 
and peers around the globe.

Europe is playing a significant role 
in the future development of RF and 
microwave technology. I am certain that 
EuMW and the EuMC conference in 
particular will provide new ideas and 
forge new paths in improving the qual-
ity of peoples’ lives around the globe.

ICs & Semiconductors
Sector overview 
by Franco 
Giannini, EuMIC 
2014 Chair 
(In collaboration 
with Ernesto 

Limiti, Co-Chair, and Paolo 
Colantonio, TPC Chair)

This century semiconductor and 
integrated circuit technology, cover-
ing frequencies from microwaves to 
the submillimetre-wave region, have 
recorded major achievements, as will 
be demonstrated at the 9th European 
Microwave Integrated Circuits Con-
ference (EuMIC).

One of the major challenges for 
RF integrated circuits is related to 
mobile communications, where in-
dustry faces an ever-increasing de-
mand for higher data rates, more 

tivities shifting to Asia.
Currently the European Union is 

preparing new frameworks through 
Horizon 2020 to strengthen the com-
petitiveness of the micro-electronics 
and nano-electronics activities and 
preserve Europe’s strong position in 
these high-tech fields. In the Research 
and Innovation sector, it is evident 
that microwaves are pervasively en-
tering into several work programmes. 
ICT is the most relevant together with 
security. Similarly, adequate invest-

the concept of ‘material by design’ 
and the ability to control the RF mac-
roscopic performance at the design 
stage with a multi-scale approach 
(from atomic/molecular to macro-
scopic behaviour) is becoming a new 
powerful tool in the hand of micro-
wave engineers.

The RF and microwave sectors in 
Europe are steadily developing de-
spite growing worldwide competition 
in the fields of mobile communication 
devices, manufacturing and R&D ac-
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but also in the space environment for 
communications, remote sensing for 
Earth observation and radiometry. As 
an example, GaN HEMTs are becom-
ing strategic, enabling components 
for both high performance and/or 
wideband Tx/Rx systems, as well as for 
very high power solid state transmit-
ters. The impact of GaN technology is 
emphasized at system-level, enabling 
the reduction in size and cost, maximi-
zation of operational bandwidth and 
enhancement of detection.

After the completion of several sig-
nificant research projects at the begin-
ning of this century, these technolo-
gies are reaching maturity. EuMIC 
will offer a European perspective for 
the industrialization and exploita-
tion of GaN and other technologies. 
A foundry panel session will divulge 
details of currently released and com-
mercially available processes, together 
with those still in development and/or 
planned, with expected release dates 
and current status.

Radar
Sector overview 
by Enzo Dalle 
Mese, EuRAD 
2014 Chair 
(In collaboration 
with Fabrizio 

Berizzi, TPC-Chair)

The radar sector is a growing re-
search area for both industry and 
academia, mainly due to the huge ex-
pansion of civil applications, which is 
increasingly being demanded by the 
market. The 11th European Radar 
Conference assembles advanced high 
value scientific and technological con-
tributions from industry and academia 
that demonstrates the technological 
growth in this sector. The main areas 
of radar development are: passive, im-
aging, antennas and miniaturization.

Passive radar uses the electromag-
netic signals produced by illuminators 
of opportunity to enable radar func-
tionality. The concept is not new, but 
the developments in digital hardware 
technologies and software capabilities 
have facilitated the practical realization 
of low cost operative systems. Current-
ly, research is focused on the use of dig-
ital transmissions and satellite signals, 
which enable worldwide coverage. In 
addition, research is focused on the ap-
plication of traditional radar concepts 
to passive radar, such as MIMO passive 

conductor alloy for the majority of 
MMIC industrial users with a forecast 
of about 31 percent share by 2018. 
However, GaN technology is forecast 
to grow from its current 20 percent 
share up to 24 percent in 2018. Simi-
larly, SiGe adoption continues, reach-
ing an estimated 25 percent share in 
the same period.

Such microwave semiconductor 
technologies are playing a key role, 
not only in civil and defence systems, 

compact solutions and high perfor-
mance front ends. Several contribu-
tors at EuMIC will demonstrate the 
remarkable progress in RF systems 
miniaturization and the reduction 
of total power consumption, both 
achieved through RF CMOS or sim-
ilar technologies.

Regarding III-V semiconductor 
technology, the main trends demon-
strated by the market to date indicate 
that GaAs will be the preferred semi-

See us at EuMW Stand 220
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Imaging is becoming an essen-
tial feature of new radars…

Antennas are probably the most 
important radar subsystem. Future an-
tennas will have reduced size; they will 
be active, with large bandwidth and of-
ten operate in an array configuration. 
Most are integrated in multifunction 
systems and are used both for radar 
and telecommunications. A good, high 
performance antenna is the primary 
subsystem that contributes to the over-
all performance of the radar.

In the near future one of the most 
important challenges will be to reduce 
size and weight, which is becoming a 
pre-requisite for many military and most 
civil applications, where low or very low 
power is essential, together with the 
need to minimise space and payload.

By taking advantage of the reduc-
tion of hardware (for example, soft-
ware defined radar), allied to the 
progress in semiconductor power 
devices and integrated circuit devel-
opment we could see radar on a chip 
become reality.

In summary, the radar sector is in a 
period of rapid and deep growth. It is 
not only benefiting itself from techno-
logical development but new radar in-
novations are often drivers for fuelling 
future technological progress.

Conclusion
As mentioned in the sector over-

views, the European RF and micro-
wave industry is healthy and playing 
its part in the evolution of technology 
and the implementation of innovation.

To enable such endeavours to come 
to fruition and benefit individual com-
panies, partnerships, nations and Eu-
rope as a whole, it is imperative that 
Europe maintains a strong industrial 
base that can compete globally. Great-
er, uncomplicated business invest-
ments, a strong demand for European 
technological solutions and fewer ob-
stacles to the commercial uptake of 
innovations are the keys to growth.

Horizon 2020 has been formulated 
to provide the mechanisms to make 
that possible. Now is the moment of 
truth when, over the coming years, we 
will discover if Horizon 2020 is truly 
visionary and can facilitate the transi-
tion necessary to take the EU industry 
forward and keep it competitive. ■

use of recent compressive sensing 
techniques. In addition, increasing 
the performance of the processing 
subsystems makes the real-time goal 
feasible. Imaging radars give a clear 
display of the target to the opera-
tor and improve the environmental 
situational awareness thanks to new 
graphical user interfaces. Finally, 
the high resolution of the target im-
age addresses the automatic target 
recognition problem, resulting in 
dramatic improvement.

radar and imaging passive radar, as well 
as extending the platform to aerial and 
naval applications.

Imaging is becoming an essential 
feature of new radars and it is easy 
to predict that most future radar 
systems will have this option. The 
spatial resolution of this technique 
is improving, due to the increase 
of the long-term coherence of the 
transmitted waveform and the de-
velopment of sophisticated super 
resolution techniques that make 
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Envelope Tracking Comes of 
Age on Mobile Handsets
Kent Nickerson
BlackBerry (MIPI Alliance Member), Canada

The high value of scarce cellular radio 
spectrum and demand for ever higher 
data rates have spurred a great deal of 

innovation in optimizing mobile radio links, 
primarily by increasing signal bandwidth and 
modulation complexity. The consequences 
for RF transmitter power amplifiers (PA) are 
increased average output power and higher 
peak-to-average-power ratios (PAPR), which 
mean lower PA efficiency and disproportion-
ately high power consumption. For mobile 
handsets, transmitter efficiency and battery life 
are not only reduced, but overheating becomes 
an issue as mobile PA footprints shrink and fil-
ter losses mount with new band interoperabil-
ity and carrier aggregation requirements. Base 
station transmitters have long had the luxury 
of a stable antenna environment, complex sup-
port electronics, digital processing techniques 
and envelope tracking (ET).1 ET has become 
viable for mobile devices and is now appear-
ing in products. Given BlackBerry’s years of 
internal and collaborative research in mobile 
radio, this article concentrates on ET for mo-
bile LTE handsets. It also applies to any high 
PAPR transmitter used with WCDMA, HSPA, 
DTV and Wi-Fi.

Several means of increasing PA efficiency 
(ratio of RF power output divided by total sup-
ply power is used here) at less than maximum 

power have been employed in the mobile mar-
ketplace with varying degrees of success. Adap-
tive quiescent current bias has been widely 
used on PAs since the 1990s, while other PA 
designs simply bypassed the final stage for low 
power. A power-saving technique which has 
become especially popular in the past decade 
is “average power tracking” (APT). Figure 1 
shows the concept of APT, where the PA volt-
age supply, VPA, is tailored on a frame-by-
frame basis to the minimum required to ac-
commodate modulation peaks for maintaining 
RF performance. This puts the PA slightly into 
compression to improve efficiency.

Since the efficiency of concern to battery 
longevity is the product of the APT power sup-
ply and PA efficiencies, Figure 1 defines the 
“transmitter” to be optimized as the supply and 
PA together. Not only must the supply be ef-
ficient but VPA must also have minimal noise 
so that it will not modulate the compressed PA 
and produce spurious RF products. Fortunate-
ly, the past decade has seen the nearly universal 
adoption of APT given recent improvements in 
the efficiency (nearly 95 percent), size and cost 
of low noise switched mode power supplies.

Handset transmitters most often operate at 
power levels significantly below maximum, and 
the above-mentioned schemes deliver value 
in reducing the amount of energy consumed 
at middle power levels. They do not, however, 
improve transmitter efficiency at high power 
which would reduce peak battery current and 
avoid overheating. Envelope tracking, in con-
trast, is most effective at high power and can 
also complement APT.

Figure 2 shows the concept of ET. Here, 
VPA is generated by an ET power supply 
(ETPS) and applied to the PA’s final stage at 
a level calculated from the instantaneous RF 
signal envelope, Ve. This operates the PA ef-
ficiently in controlled compression at all signifi-
cant instantaneous powers. ET is not to be con-
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s Fig. 1  Average power tracking (APT) transmitter.
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to save at very low values of Ve. The 
signal now spends most of the time at 
an efficiency approaching 50 percent, 
hence a significant increase in trans-
mitter efficiency can be expected, as-
suming high ETPS efficiency.

A few practical considerations of 
ET can now be summarized:
•	 �VPA should be synchronized to 

the RF envelope by a small frac-
tion of the symbol period, typically 
to 1 percent of the inverse signal 
bandwidth (e.g., one nanosecond 
for 50RB LTE signals) for mobile 
transmitters.

•	 �The ETPS does not go all the way 
down to zero but has a defined 
minimum.

•	 �VPA is not necessarily a linearly 
scaled version of Ve, but in practice 
can be expected to be a monotonic 
function of it. This is a valuable 
consideration for the ETPS as this 
avoids cusping of VPA at envelope 
minima and so minimizes its out-

onset of significant distortion. For the 
LTE example shown, efficiencies of 
only about 35 percent are reached in 
APT mode with InGaP handset PAs. 
Factoring in a switching supply with 
93 percent efficiency, APT transmit-
ter efficiencies in the low 30 percent 
range can be achieved.

ET OPERATION
Figure 4 shows a family of effi-

ciency curves for different fixed sup-
ply voltages from the same PA data 
used for Figure 3. The heavy black 
line connects points of maximum ef-
ficiency on the curves for each Ve. 
This defines a relationship called the 
ET look-up table (ET LUT) between 
Ve and the supply voltage, VPA, which 
will maximize instantaneous efficiency 
at each point of the signal. The ET 
LUT, plotted below the efficiency 
curves of Figure 4, is applied by the 
ET DSP block in Figure 2. In prac-
tice, VPA must maintain a minimum 
value for proper operation (0.6 V in 
this example) but there is little energy 

fused with Kahn’s envelope elimina-
tion and restoration (EER) technique, 
since the PA RF input is fully modu-
lated and VPA does not have to track 
the envelope to very low values. The 
inset on the right of Figure 2 shows 
oscilloscope traces of the PA RF out-
put and VPA of an actual ET system.

EFFICIENCY OF APT OPERATION
Figure 3 shows the instantaneous 

efficiency (instantaneous RF output 
divided by instantaneous total DC in-
put power) of a commercial two-stage 
InGaP PA module as a function of RF 
input envelope voltage. In this exam-
ple, fixed supply voltages are applied 
to each stage, with a value of VPA=4 
V applied to the final stage. The en-
velope, Ve, as shown in Figure 2, is 
defined as the instantaneous RF input 
amplitude. If the RF input is gener-
ated by a modulator with quadrature 
components I and Q (the case in most 
mobile transceivers today), the enve-
lope is proportional to the magnitude 
of the modulation:

V I Q (1)e
2 2∝ +

As the PA is driven by higher input 
levels, efficiency improves as the final 
stage comes to fully utilize the sup-
ply voltage available to it. More drive 
puts the output into compression and 
output peaks are softly clipped, reduc-
ing gain and increasing distortion. In 
practice, a compromise is reached be-
tween efficiency and distortion (e.g., 
adjacent channel leakage ratio).

The lower trace of Figure 3 plots 
the probability density function 
(PDF) of the input RF envelope for 
an LTE QPSK modulated mobile up-
link signal, which can have a PAPR 
up to 6 dB, so that envelope peaks 
are twice the average. It can be seen 
that the greater the signal PAPR, the 
lower the average signal level at the s Fig. 4  Efficiency characteristics of a linear PA with envelope tracking.
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ciency. As a result, mobile PA module 
efficiencies approaching 60 percent 
have been achieved with InGaP PAs 
in ET operation.

The PA’s phase response is also a 
source of distortion, but ET mode 
mobile PAs on the market have 
benign phase characteristics com-
parable to PAs optimized for APT 
operation. Phase-only predistor-
tion with constant gain ET LUT is 
an option.

put bandwidth in operation.
•	 �ET offers more potential improve-

ment in efficiency as signal PAPR 
increases.
At first glance the concept of ET 

may appear technically daunting since 
the envelope tracking power supply 
(ETPS) of Figure 4 must be efficient, 
very fast, and yet produce very low 
output noise. Also, PA characteristics 
are complex enough without con-
sidering interactions with a dynamic 
power supply, so one might conclude 
that gross distortion would result. It 
will be shown, however, that ET can 
improve PA characteristics as well as 
save power.

Figure 5 displays characteristics of 
our mobile PA as contours of efficien-
cies and gain against VPA and Ve. The 
ET LUT derived in Figure 4 which 
maximizes efficiency is readily traced 
on the contours of efficiency, as shown 
by the solid black line in (see Figure 
5b). Overlaying this maximum-effi-
ciency ET LUT on contours of gain 
(see Figure 5a), however, shows gain 
variation over the signal’s excursion 
(shown in Figure 5c), which is mono-
tonic and no more than gain variation 
of APT with VPA = 4 V.

Alternatively, consider the “con-
stant gain” ET LUT shown by the 
broken black line in (see Figure 5b), 
which follows a constant gain contour 
(23 dB in this case) except for low Ve, 
where it is kept at minimum VPA for 
monotonicity. It offers flat gain at sig-
nificant power and hence, high linear-

s Fig. 5  Gain and efficiency characteristics of different ET LUTs.
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ity, amounting to a form of amplitude 
predistortion. Remarkably, this ET 
LUT achieves nearly the same ef-
ficiency as the efficiency-optimized 
case, as shown in Figure 5d. Since 
this does away with the need for input 
signal predistortion, at least for am-
plitude, the use of constant-gain ET 
LUTs is popular. Such linearization 
also allows the PA to be driven harder 
so that the envelope PDF peak can 
be increased to yield even higher effi-
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of Figure 6 is the ability of the ETPS 
output to momentarily exceed the 
battery voltage, which means that PA 
operation can be extended to higher 

QPSK and 16 QAM modulations, re-
spectively. At high power, commercial 
ETPS efficiencies of over 90 percent 
are common for WCDMA uplink sig-
nals, and 85 percent can be achieved 
even for 20 MHz LTE 16QAM. High-
er bandwidths and efficiencies will 
soon emerge in the market. Regarding 
the ETPS frequency response for mo-
bile LTE and WCDMA transmitters, 
industry experience and simulations3 
show that the ETPS output can be 
band limited to between 50 and 100 
percent more than the nominal signal 
bandwidth while maintaining accept-
ably low levels of PA output distortion 
for mobile applications. Another spe-
cial feature of the AC coupled design 

THE ET POWER SUPPLY (ETPS)
Higher PA efficiency will not trans-

late to ET transmitter efficiency un-
less the ETPS is also efficient. High 
speed switching supplies are available 
which can effectively apply a mild 
form of ET for minimal extra cost, but 
these are not accurate or quiet enough 
for full tracking.

Figure 6 shows a simplified popu-
lar architecture which has been con-
ceptually adopted with variants by 
many commercial ETPS manufactur-
ers. It is essentially an APT supply 
coupled with a high speed, low noise 
linear error amplifier. On mobile 
handsets, changing from APT to ET 
operation results in small incremen-
tal size (less than 10 mm2) and cost. 
In the implementation of Figure 6, 
the APT and error amplifier outputs 
are combined with a simple diplexing 
circuit which presents a low pass re-
sponse to the APT output and a high 
pass path to the error amplifier.

While the error amplifier is quite 
inefficient, it does not have to sup-
ply much energy. Figure 7 shows the 
power spectrum of an LTE 5 MHz up-
link signal against the corresponding 
ETPS output (VPA) power spectra for 
QPSK and 16QAM modulation. More 
than 90 percent of the energy is con-
tained at frequencies below 10 kHz, 
which corresponds to shifts in power 
from frame-to-frame in LTE, and is 
well within the APT switching supply’s 
capability. Only about 5 to 8 percent 
of the energy lies above 10 kHz for 

s Fig. 6  ET power supply block diagram.
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new but tractable design challenges:
Noise Conversion: Since PA gain 

is a function of supply voltage, supply 
(VPA) noise can modulate the RF out-
put and manifest as spurious RF noise 
outside of the desired signal. Such 
noise conversion is quite large with 
ET PAs as they operate in efficient 
compression over most of the enve-
lope. In frequency duplexed systems 
like WCDMA and LTE-FDD, this 
can become a critical problem if sup-
ply noise at frequencies close to the 
duplex spacing converts into the re-
ceive band as interference. With ET, 
unlike APT, the supply contains spec-
tral energy exceeding the RF signal 
bandwidth, which can come close to 
the duplex frequency of some bands 
(e.g. Bands 2 or 17), making adequate 
voltage supply filtering critical. While 
this has proven to be a significant 
problem in handset ET transmitters, 
it is successfully mitigated with pains-
taking attention to ETPS design, fil-
tering, and component layout.

Load Impedance Changes: PA 
gain is also a strong function of its load 
impedance. Changing impedance at 
the PA final transistor necessitates 
changing the scale of both the RF input 
drive and VPA, and by different factors, 
to maintain optimum ET performance. 
Even apart from large mobile antenna 
impedance shifts, the PA faces duplex 
filters which have significant imped-
ance variation over frequency and tem-
perature. This can make for tedious 
characterization and calibration. This 

especially at low frequencies, but ma-
jor mobile PA manufacturers are now 
producing suitable devices.

Since the PA may be loaded for 
higher voltage operation, transis-
tor breakdown voltage should be 
increased. Higher voltage and com-
pressed operation also reduce power 
gain, so gain may have to be increased 
a few dB to achieve required output 
power with existing transceiver RF 
output power capability. This makes 
attention to stability even more critical.

PA gain should not be too sensitive 
to VPA. This allows a healthy excur-
sion of VPA with minimal gain varia-
tion so that ET mode efficiency can 
be maximized. Excessive gain expan-
sion against input power should also 
be avoided. The RF phase response 
along the expected ET supply re-
sponse should also be minimized and 
monotonic if possible.

Cautious application of ET will see 
VPA applied only to the final stage of 
the PA, with previous stages operated 
from fixed voltages, since modulating 
multiple stages simultaneously makes 
ensuring stability and well behaved 
dynamic characteristics even more 
difficult. Nevertheless, handset PAs 
with ET applied to two stages simul-
taneously have emerged in the market 
as PA manufacturers gain design ex-
perience, allowing somewhat higher 
transmitter efficiency.

CHALLENGES
An ET system introduces some 

voltages (with appropriate change of 
PA loading) even at end of battery life.

With ET efficiencies of over 50 
percent and ETPS efficiencies of 90 
percent, mobile ET transmitter ef-
ficiencies of 45 percent for LTE sig-
nals are being achieved at high power. 
Compared to a typical high power APT 
transmitter efficiency of 32 percent, 
ET promises less than 75 percent of 
the transmitter power consumption 
and less than 60 percent of the heat 
generation of APT mode at high power.

For less than maximum power, 
achievable ET efficiency and ETPS 
overhead power consumption erode 
ET’s advantage. With mobile LTE 
transmitters, the ETPS linear ampli-
fier is turned off and APT mode is 
resumed for medium output powers 
(typically 8 dB below maximum).

DESIGN OF ET POWER 
AMPLIFIERS

Power amplifiers designed for ET 
operation entail some minor modifi-
cations. Since the supply is modulated 
to frequencies somewhat higher than 
the signal bandwidth, bias bypass ca-
pacitors on modulated stages must be 
eliminated or minimized. A short sup-
ply trace from the ETPS to the PA in 
a handset can have an inductance of a 
few nH, so an accurate supply drive to 
30 MHz for a 20 MHz LTE signal sets 
an upper limit of about one nF total 
shunt capacitance for all PAs driven. A 
hazard of minimizing local PA bypass 
capacitance is RF parametric stability, 
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THE ROLE OF MIPI®
The ETPS must supply the PA with high fidelity, accu-

rate timing and low noise, so its control is as critical. This 
begs design guidelines and specification of the interface 
between the ETPS and the controlling transceiver or pro-
cessor. In the middle of 2011, manufacturers of RF trans-
ceivers, modem processors and OEMs chartered the Ana-
log Control Interface Working Group (ACI WG) within 
the MIPI Alliance to develop control interface specifica-
tions which impact analog chip-to-chip connections. With-
in that WG, an envelope tracking sub-group was formed 
to specifically address the interface between the transmit-
ter and envelope tracking power supply. They defined a 
differential analog voltage ETPS control interface dubbed 
“eTrakSM”, which is shown in Figure 2. The first version of 
the specification was released in October 2013.4 Further 
versions are being drafted.

The eTrak specification prescribes control signal ampli-
tude, accuracy, frequency response, drive capability and 
spectral noise limits. The ACI WG has also developed an 
extensive application note3 which discusses many design 
challenge topics researched by group members, as well as 
technical recommendations, such as slew rate and ETPS 
common mode rejection. A suite of bench verification 
tests5 is currently being drafted.

ET IN THE FUTURE
While signal bandwidths of up to 20 MHz are pres-

ently targeted for mobile products with ET, higher sig-

problem is common to APT transmitters, however, and ET 
transmitters appear to suffer no more - if not less - distortion 
over uncompensated mismatch than APT.2 Active antenna 
tuning is also starting to appear as a handset feature, along 
with antenna line impedance estimation, to stabilize antenna 
impedance and compensate its effects.

Memory Effects: PA characteristics are typically mod-
eled quasi-statically for ET operation, so that the output is 
an instantaneous function of VPA and RF input power. As 
the speed of modulation increases, intrinsic PA memory ef-
fects such as junction charge storage and bias network re-
sponse can become significant. The ETPS can suffer slew 
rate limitations and rising VPA supply line impedance. Re-
sultant distortions can become apparent in mobile hand-
sets for RF modulation bandwidths of 20 MHz. Higher 
bandwidth applications in the future will require careful 
attention to memory effects.

Filter Group Delay: In addition to significant imped-
ance changes in the pass band, high order duplex filters on the 
transmitter output (and in some cases, input) are character-
ized by large and variable group delays which can approach a 
symbol period across the RF signal bandwidth. While OFDM 
signals used for LTE and Wi-Fi are resistant to this, the sig-
nal envelopes are not. An investigation by the author suggests 
that output duplexers can add doubly delayed and distorted 
reflections from the duplexer’s antenna side to combine with 
and distort the envelope at the PA output, causing suboptimal 
tracking. This constitutes a sort of memory effect, and this can 
be minimized by good PA transmission line matching.
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CONCLUSION
Evolving mobile RF transmitters 

are trending to higher power opera-
tion with higher PAPR signals which 
demand higher transmitter linearity. 
This compromises transmitter effi-
ciency and creates significant heat dis-
sipation problems in mobile handsets. 
ET can increase efficiency, dramati-
cally reduce PA heat dissipation, and 
improve signal quality at high power, 
making it an excellent complement to 
existing transmitter power saving tech-
niques. MIPI’s ACI WG has provided 
specifications, design guidelines and a 
test suite to facilitate implementation. 
Components supporting ET are avail-
able from several manufacturers and 
are now mature and economic enough 
to start appearing on advanced mobile 
handsets. ■
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PA supply line issues. Efforts are 
underway to integrate ETPS with 
CMOS PAs for better ET supply 
coupling and integration with front 
end components, as well as compen-
sation of historically lower CMOS 
high frequency efficiency and lin-
earity. Antenna tuning solutions, 
such as that offered by BlackBerry’s 
Paratek technology, are emerg-
ing to mitigate mobile antenna load 
variance and duplexer dispersion.

nal bandwidths and PAPR demand-
ed by LTE-Advanced carrier aggre-
gation (PAPR of 9 dB or more) and 
802.11 will require better error am-
plifier high frequency performance. 
PA memory effects will have to be 
reduced and unless band allocations 
and duplex spacings are increased, 
dispersive effects of filter compo-
nents will become more severe. 
Higher integration of ET compo-
nents will be necessary to minimize 
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Maximizing 
RF Spectrum Utilization 
with Simultaneous 
Transmit and Receive
Charles H. Cox III and Edward I. Ackerman
Photonic Systems Inc., Billerica, Mass.

An RF front end device called the Transmit Isolating Receiver (TIRx) takes the 
place of both a circulator and low noise amplifi er in a conventional RF front 
end, enabling full-duplex wireless communication by transmitting and receiving 
simultaneously on the same frequency through a single antenna. The TIRx RF 
front end enables single channel full duplex communications by providing a high 
degree of T/R isolation, exceeding 40 dB over four decades of bandwidth. When 
combined with appropriate digital interference cancellation, systems delivered 
with the TIRx RF front end have achieved >80 dB of T/R isolation over multiple 
frequency bands even when connected to an antenna with poor return loss.

Wireless services are expanding expo-
nentially with more and more users 
demanding ever-wider bandwidth. 

At the same time, the RF spectrum supporting 
these services is constrained by market forces 
and government regulations. Acquisition of ad-
ditional spectrum involves huge capital expen-
ditures for its purchase, infrastructure installa-
tion and support.

Within current spectrum allocations, the 
frequency channels for various services are 
either separated to avoid interference or are 
further subdivided into separate uplink and 
downlink sub-channels. This results in an inef-
fi cient utilization of RF spectrum that could be 
alleviated with simultaneous transmit and re-
ceive (STAR) on the same frequency channel, 
also known as full-duplex operation. Potential-
ly, such full-duplex operation could more than 

double the capacity of current wireless systems. 
It could also help solve important problems 
with current networked systems that affect the 
Quality of Experience (QoE) and provide fu-
ture opportunities for new enhanced services.

The key challenge to implementing STAR is 
protecting the receiver from the high powered 
transmit signal to a suffi cient degree; the fi gure 
of merit that quantifi es the degree of protection 
is known as transmit-to-receive (T/R) isolation. 
The T/R isolation required is dictated largely 
by the transmit power and the receiver noise 
level, and varies from a minimum of about 40 
dB to well over 100 dB for various applications. 
For example, as noted by Choi et al.,1 IEEE 
802.15.4 personal area networks (e.g., ZigBee) 
use 0 dBm transmit power and the noise fl oor 
in the receiver is around -100 dBm. Thus, as 
much as 100 dB of T/R isolation within the de-
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a broad range of media access control 
(MAC) topologies. A goal of up to 2 W 
transmit power works with many types 
of cellular and Wi-Fi installations. An 
additional goal not stated in Table 1 is 
to provide a solution whose cost is con-
sistent with existing economic models 
for wireless services.

DESIGN CONCEPT
Most RF circulators work by sum-

ming and differencing the RF phase 
of two waves travelling in opposite di-
rections around the circumference of 
a ferrite disc. The isolation is achieved 
by the constructive interference be-
tween the two waves at one port of 
the device and destructive interfer-
ence at the other port. This approach 
is inherently narrowband, resulting in 
bandwidths appreciably less than an 
octave, although some broader-band 
circulators have been developed by 
sacrificing isolation.

In contrast to ferrite-based RF 
circulators, the approach described 
here leverages photonics to extend 
both bandwidth and isolation simul-
taneously, as illustrated in Figure 1. 
One might think of this as a photonic 
circulator, but in addition to achieving 
the functionality of an RF circulator, it 
also provides receive signal gain with 
a low noise figure like an RF low noise 
amplifier (LNA). It is, therefore, more 
appropriately called a transmit-isolat-
ing receiver RF front end, or TIRx.2

Figure 1a illustrates the operational 
principle. To achieve broad-bandwidth 
isolation, a balanced drive optical Mach-
Zehnder modulator is used.3 In a bal-
anced drive modulator, applying the 
same signal to both electrodes results in 
the same optical phase modulation be-
ing applied to each arm. When the two 
arms recombine (as shown in blue), the 
result is – at least ideally – no intensity 
modulation of the optical carrier. To im-
plement a TIRx, the transmit signal is 
applied to both of the TIRx drive ports, 
resulting in no modulation of the CW 
laser light. Thus, as desired, the trans-
mit signal travels along the modulator 
electrodes directly to the antenna but is 
not conveyed to the TIRx receive out-
put port. The receive signal from the 
antenna, however, is applied to only one 
of the modulator’s electrodes, resulting 
in efficient unbalanced modulation of 
the optical carrier. The resulting optical 
modulation is detected at the receive 
port of the TIRx.

of ferroelectric ele-
ments can achieve 
only about 20 dB 
of isolation over an 
octave bandwidth. 
Much deeper isola-
tion nulls are avail-
able, but these 
cover only a narrow 
bandwidth. Active 
electronic circula-
tors have been de-
veloped, but their 
isolation versus 
bandwidth perfor-
mance is about the 
same, and they can-
not withstand high 
transmit signal pow-
ers.

Photonic Sys-
tems Inc. (PSI) has 

been investigating this full-duplexing 
problem for both defense and com-
mercial wireless applications in or-
der to develop a physical layer (PHY) 
solution applicable to a wide range 
of wireless networks and devices, as 
shown in Table 1. A major goal of this 
development is a transceiver archi-
tecture that is broadband without re-
quiring separate transmit and receive 
antennas. This would exploit all the 
benefits of MIMO systems and pro-
vide the most degrees of freedom for 
the receiver’s digital signal processing, 
thus maximizing spectrum utilization 
and network performance. Achieving 
broad bandwidth depends upon the 
availability of a wideband antenna, but 
this architecture could also be used 
with, or retrofitted into, installations 
with narrowband antennas.

A high degree of isolation – at least 
40 dB to satisfy initial needs, but ideally 
80 dB or more – is desired to support 

vice is required in such networks to 
avoid self-interference.

Since many of today’s wireless de-
vices have multiple antennas to sup-
port multiple input, multiple output 
(MIMO) processing, one possible way 
to achieve isolation is to use separate 
antennas for transmit and receive. 
Within small devices such as tablets 
and phones, only a few centimeters of 
separation is possible, making it diffi-
cult to achieve the significant T/R iso-
lation required. Also, for many appli-
cations, it is desirable to use the same 
antenna for both transmit and receive 
to maximize system flexibility and per-
formance and minimize cost.

If the same antenna carries both 
transmit and receive signals on the 
same frequency channel, the conven-
tional approach is to use an RF circu-
lator instead of a frequency diplexer to 
separate them. Unfortunately, conven-
tional RF circulators based on the use 

TABLE I
DESIGN GOALS FOR SIMULTANEOUS TRANSMIT AND RECEIVE 

PHYSICAL LAYER

Parameter Value Rationale

Transceiver 
Architecture

Transmit and 
receive through 
same wideband 
antenna

A single antenna 
solution minimizes 
system size, weight and 
cost. Also compatible 
with MIMO and small 
array based systems.

Bandwidth of 
Operation

100 MHz to 6 GHz Covers the majority of 
defense communication 
systems, cellular 
networks and wireless 
LANs including Wi-Fi 
bands

Isolation 40 to 100+ dB Supports MAC for 
multiple network 
topologies

Transmit Power 
Handling

Up to 20 W Desired for higher 
powered site locations

s Fig. 1  TIRx theory of operation (a), and measured T/R isolation (b).
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2-50 GHz  
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“plug’n play” operation 

VIDA Products Inc 

3551 Westwind Blvd., 
Santa Rosa, CA 95403
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                Freq (GHz)  
Specs Description 2~10  10~26   26~40 40~50 

Psat (dBm)  Saturated Output Power 30 28 26 24
P1dB (dBm) 1dB Compressed Power 25 24 23 22
S21 (dB)  Small Signal Gain 30 28 26 24
S11 (dB) Input Match -15 -15 -10 -8
S22 (dB) Output Match  -12 -10 -8 -8
S12 (dB)  Reverse Isolation  -60 -60 -50 -50
NF (dB)  Noise Figure  9 9 11 14

• Clean power and gain over 2~50 GHz 

• Gain >25 dB (30 dBm saturated power output)

• A differential voltage proportional to output  
power, is externally provided.

• Universal Wall Mount 12VDC power included

• Woman Owned Small Business

• 3 Year New Product Warranty

electrodes of the optical modulator 
limits the power handling of the de-
vice. Present optical modulators have 
been shown to withstand 20 W (43 
dBm) of transmit power through typi-
cal TIRx devices.

Compared to ferrite-based RF cir-
culators, the TIRx has much higher 
T/R isolation over much greater band-
width; however, when either device 
is terminated in 50 ohms, partial re-
fl ection of the transmit signal by an 
actual (not perfectly 50 ohm) antenna 
at the bi-directional port back into the 
receiver path will degrade the isola-
tion across a broad bandwidth. It is 
theoretically possible to counteract 
this effect by improving the imped-
ance match to the antenna, but it is 
physically unrealizable to achieve the 
required combination of bandwidth 
and antenna return loss improvement 
required to meet the STAR require-
ments in Table 1 because such a com-
bination of bandwidth and impedance 
match exceeds the Bode-Fano limit.5

The TIRx has a different way of ad-
dressing this issue via the fourth port 
as shown in Figures 1a and 2a. The 
approach is to connect a variable im-
pedance to this port that replicates the 
antenna impedance versus frequency. 
Unlike impedance-matching that at-
tempts to transform one impedance 
to another, and is bandwidth-limited 
per Bode-Fano, there is no limit to the 
degree that one impedance can repli-
cate another. This “Antenna Balance” 
port balances out the impedance vari-
ation of the antenna. With reference 
to Figure 1a, at any frequency where 
the impedance presented at the two 
bidirectional ports are equal, the 
transmit signal at Port 1 is routed to 
the antenna connected to Port 2, and 
the signal received by the antenna is 
routed to Port 3. But Port 3 is sub-
stantially isolated from Port 1 because 
even the portion of the transmit signal 
that is refl ected by the antenna back 
into Port 2a is exactly balanced by the 
portion of the transmit signal refl ected 
back into the “balance” Port 2b by the 
impedance that is connected to the 
fourth port. Therefore, the front end 
will have excellent T/R isolation. This 
is one important feature of the TIRx 
that distinguishes it from conventional 
ferrite circulators.

By itself, the analog cancellation 
capability of the TIRx is not enough to 
achieve the isolation goals in Table 1 

Since balanced drive operation ex-
tends “from DC to daylight,” this is – 
in principle – a mechanism for achiev-
ing high isolation over an extremely 
broad bandwidth. Figure 1b is a plot 
of the measured T/R isolation versus 
frequency for a TIRx showing >40 dB 
of isolation over four decades of band-
width with a 50 ohm load in place of 
the antenna.

As shown in Figure 2a, the TIRx 
has only RF input and output ports, 
but inside it contains a complete RF 
photonic link. The photonic compo-
nents include a CW laser, an opti-
cal modulator and a photodetector. 
While previous photonic links had 
high noise fi gures (typically >20 dB) 
and high insertion loss, photonic links 
with low noise fi gures and positive link 
gain have been recently demonstrated 
(see Figure 2b).4 This illustrates the 
second function of a TIRx: its receive 
path has RF power gain and a low 
noise fi gure (like an electronic LNA). 
In the wireless service bands between 
700 MHz and 6 GHz, the measured 
data in Figure 2b show the noise fi g-
ure varying from 4 to 6 dB and the 
gain from 17 to 21 dB. These are use-
ful values for most wireless network 
applications.

Since the transmit signal passes 
through the device, it is important to 
quantify its power handling capability. 
The current carrying capability of the 

 Fig. 2  TIRx connection for receive func-
tions (a); measured gain and noise fi gure (b).
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of which is shown in Figure 4. The 
broad bandwidth capability of photon-
ics is evident in this plot, which shows 
a relatively constant noise figure less 
than 15 dB over the entire frequency 
range of 1 MHz to 6 GHz. It is im-
portant to note that in STAR-mode 
there is no electronic LNA; the TIRx 
is connected directly to the antenna 
element. The noise figure, however, 
is higher than might be desired for 
demanding applications. As shown in 
Figure 2b, lower noise figures have 
been demonstrated using more sensi-
tive modulators.

Another important receive parame-
ter is the spurious-free dynamic range 
(SFDR). In STAR operation, there is 
a potential for intermodulation prod-
ucts to be generated between trans-
mit and receive signals in addition to 
intermodulation products generated 
between two receive signals. For the 
demonstrated system, the receive-
channel SFDR in the absence of a 
transmit signal is 113 dB·Hz2,3. The 
SFDR limited by mixing with the 
strong (2 W) transmit signal is $42 

mainly due to limitations of the optical 
modulator and differences between 
the antenna impedances and the bal-
ance. If, however, the analog front end 
suppresses the transmit signal in the 
receive channel to a degree that will 
sufficiently ensure linearity in that sig-
nal path, digital signal cancellation can 
further improve the T/R isolation. In 
digital cancellation, an estimate of the 
interfering signal is subtracted from 
the received signal in the digital do-
main. Since the transceiver “knows” 
the signal it is transmitting, a good 
(but not a perfect) estimate of the in-
terference is available.

PROOF OF CONCEPT 
DEMONSTRATION

Figure 3 shows a block diagram of 
a two-channel proof-of-concept dem-
onstration system requiring 40 dB of 
T/R isolation in a 1 MHz to 6 GHz 
bandwidth. The system consists of a 
pair of customer-supplied broadband 
antennas, two TIRx front ends and a 
pair of signal processing boards. The 
CW laser for the optical modulator 
is located remotely from the antenna 
via about 150 feet of polarization-
maintaining (PM) fiber. Similarly, the 
signal received by each antenna is car-
ried to the signal processing boards 
over a single-mode fiber. Two copies 
of the transmit signal, necessary for 
STAR operation of the TIRx, are sup-
plied to each antenna interface unit 
over coaxial cable.

The system is assessed for a large 
number of performance parameters, a 
few of which are discussed. One of the 
important STAR parameters is receive 
noise figure versus frequency, a plot 

s Fig. 3  Block diagram of the proof-of-concept, full duplex, demonstration system.
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receive-receive SFDR, whereas they 
appear only once in each of the inter-
modulation products that determine 
transmit-receive SFDR. Therefore, in 
a plot of transmit-receive SFDR, the 
second- and third-order intermodula-
tion distortion products both have a 
slope of 1 (see Figure 5).

In the STAR transmit path, an 
important parameter is the transmit 
power because the RF transmit sig-
nal passes through the TIRx along 
the modulator’s electrodes. For the 
demonstration system, the application 
goal is 2 W of power transmitted from 
the antenna at any frequency where 
the antenna return loss is less than 7 
dB. Applying this constraint results in 
the bands shown in Figure 6, a plot 
of transmit power from the antenna 
versus frequency. It is interesting to 
note that achieving transmitted power 

dB, as shown in Figure 5.
One aspect of Tx-Rx intermodu-

lation is that both have a slope of 1, 
unlike Rx-Rx intermodulation with 
slopes of 2 and 3, respectively. To 
understand the basis for this dif-
ference, consider the following: in 
the case of receive-receive SFDR, 
the strongest second-order inter-
modulation products are fRX1 - fRX2, 
fRX2 - fRX1, and fRX1 + fRX2, and the 
strongest third-order intermodula-
tion products are 2 fRX1 - fRX2 and 
2 fRX2 - fRX1. In the case of transmit-re-
ceive SFDR the strongest second- and 
third-order intermodulation products 
are, respectively, fTX1or2 ± fRX1or2 and 
2 fTX1or2 - fRX1or2. One can see that 
the receive frequencies appear twice 
or thrice in each of the intermodula-
tion products that determine, respec-
tively, the second- and third-order 

 Fig. 5  Plot of 2nd and 3rd order SFDR versus receive power for a transmit power of 2 W.
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approach are the plots in Figure 7, 
which show measured T/R isolation at 
the signal processor output. The isola-
tion is > 70 dB in both channels from 
200 MHz to 3 GHz and > 80 dB in 
one of the channels up to 1 GHz. The 
isolation decreases above 3 GHz, but 
the minimum isolation of 54.9 dB at 5 
GHz in one of the channels still easily 
exceeds the system’s requirement of  
> 40 dB.

For applications requiring greater 
T/R isolation, further improvements 
can be made. It should be noted that 
the T/R results in Figure 7 are ob-
tained with the TIRx connected to a 
customer provided antenna that has 
wide bandwidth, but a return loss of 
only 7 dB at some frequencies. Con-
necting an impedance that replicates 
this antenna’s impedance to the an-
tenna balance port on the TIRx ena-
bles roughly 20 dB of the T/R isolation 
to be achieved in the analog front end, 
placing the remainder of the burden 
on the signal processing. An important 
consequence of this is that the instan-
taneous bandwidth (IBW) over which 
the transmit signal is suppressed be-
comes dependent on the IBW of the 
signal processing hardware – e.g., the 
A/D converters and FPGA. In con-
trast, the IBW of the T/R isolation at 
the output of the TIRx itself is the full 
TIRx operating bandwidth, shown by 
the data plotted in Figure 1b, that will 
extend over decades.

conclusion
This article describes technolo-

gies that enable full-duplex wireless 
communication by transmitting and 
receiving simultaneously on the same 
frequency through a single antenna. 
The key enabler is a unique RF front 
end device called the Transmit Iso-
lating Receiver (TIRx) that takes the 
place of both a circulator and low 

ting and receiving simultaneously via 
a single antenna. The first step takes 
advantage of high TIRx isolation. This 
reduces the linearity requirement on 
the subsequent components in the 
receive path by suppressing the large 
transmit signal before it encounters 
any nonlinear component. The sec-
ond step employs signal process-
ing to further suppress the residual 
transmit signal from the receive path. 
The results of applying this two-step 

of 2 W from an antenna with a return 
loss of 7 dB corresponds to 0.5 W of 
transmit power reflected back into the 
receive path. Modeled and measured 
results show $ 34.5 dBm out of the 
antenna from 500 MHz to 6 GHz, ex-
ceeding the goal.

The key STAR parameter is T/R 
isolation. As noted earlier, the system 
shown in Figure 3 employs a two-step 
approach to achieve high isolation 
over a wide bandwidth when transmit-

s Fig. 7  Plot of T/R isolation versus fre-
quency at the output of the signal processor.
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Model
Frequency 

(GHz)

Avg. 
Power 

(W)

Peak 
Power 
(kW)

Available
dB Values

SWR
Connector Type 

Available

59 DC to 2.5 100 10 10, 20, 30, 40 1.15 Type N

72 DC to 4.0 50 5 3, 6, 10, 20, 30 1.20 Type N

253 DC to 6.0 550 10 10, 20, 30, 40 1.10 to 1.20* SMK (2.92mm) or N

257 DC to 6.0 250 10 10, 20, 30, 40 1.10 SMK (2.92mm) or N

258 DC to 6.0 400 10 10, 20, 30, 40 1.10 to 1.25* SMK (2.92mm) or N

268 DC to 6.0 100 10 6, 10, 20, 30, 40 1.10 to 1.15* SMK (2.92mm) or N

284 DC to 10.0 50 5 3, 6, 10, 20, 30, 40 1.10 to 1.30* SMK (2.92mm) or N
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Available

1441 DC to 4.0 50 5 1.20 Type N
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1472 DC to 6.0 400 10 1.20 SMK (2.92mm) or N

1473 DC to 6.0 400 10 1.20 SMK (2.92mm) or N

1476 DC to 10.0 50 5 1.25 to 1.40* SMK (2.92mm) or N

Fixed Coaxial Attenuators

Coaxial Terminations

* Varies with frequency.
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TIRx RF front end have achieved >80 
dB of T/R isolation over multiple fre-
quency bands even when connected 
to an antenna with poor return loss. 
This new RF front end technology 
could effectively double the spectral 
effi ciency of any wireless network. ■
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__9M40 FINAL.indd   126 8/28/14   8:55 AM

http://www.mwjournal-digital.com/mwjournal/september_2014/TrackLink.action?pageName=126&exitLink=http%3A%2F%2Fwww.ctscorp.com
http://www.mwjournal-digital.com/mwjournal/september_2014/TrackLink.action?pageName=126&exitLink=http%3A%2F%2Fwww.ctscorp.com%2Fcomponents%2FDatasheets%2F008-0330-0.pdf
http://www.mwjournal-digital.com/mwjournal/september_2014/TrackLink.action?pageName=126&exitLink=http%3A%2F%2Fwww.ctsvalpey.com%2FCollateral%2FDocuments%2FEnglish-US%2FProducts%2FFrequencyControl%2FOscillators%2FOCXO%2FModel%2520148.pdf
http://www.mwjournal-digital.com/mwjournal/september_2014/TrackLink.action?pageName=126&exitLink=http%3A%2F%2Fwww.ctscorp.com


MWJRFLAMDA0614.indd   127 8/27/14   8:43 AM

http://www.mwjournal-digital.com/mwjournal/september_2014/TrackLink.action?pageName=127&exitLink=http%3A%2F%2Fwww.rflambda.com
http://www.mwjournal-digital.com/mwjournal/september_2014/TrackLink.action?pageName=127&exitLink=mailto%3Asales%40rflambda.com


A Bandwidth-Enlarged and 
Isolation-Enhanced ZOR 
MIMO Antenna, Shorter 
than 0.11lg
Kyungseok Kahng, Sungtek Kahng and Inkyu Yang
Incheon National University, Korea
Qun Wu
Harbin Institute of Technology, China

A compact bandwidth-broadened and isolation-improved MIMO antenna 
appropriate for LTE communication employs a small 0.034lg long radiator 
designed to have an in-phase and dense electric field flux at the zeroth order 
resonance (ZOR) of 2.5 GHz for circumventing the problem of degraded antenna 
gain and four thin FR4 layers to create closely located resonances for expanding 
the bandwidth. The radiator is used in the design of two antennas on the top-
edge of a MIMO handset with a total length equal to 0.108lg (much less than a 
quarter-wavelength). The two radiating elements are separated by just 10 mm 
and a folded line between them is optimized to obtain isolation above 10 dB over 
the 250 MHz bandwidth. The design is validated with a full-wave simulation that 
is in good agreement with measurements of the fabricated prototype, which uses 
a low cost FR4 process versus ceramic-based chips or LTCC.

Multi input, multi output (MIMO) an-
tennas must provide higher quality 
mobile communication through di-

versity in RF signal transmission and reception. 
This challenges antenna designers to increase 
isolation between multiple antennas while re-
ducing antenna size. A number of MIMO an-
tennas were prototyped by Mak et al.,1 with a 
feature of trapping the undesirable interaction 
between one element and the other, imitating a 
closed current loop suppressing a long current 
flow. The radiation patterns and isolation are 
acceptable, but the structure is physically large, 
occupying the top edge and two sides of the 
handset device. K. Payandehjoo et al.,2 utilized 
an electromagnetic band gap (EBG) structure 

to increase diversity gain by weakening the 
coupling between two antennas; however, the 
structure is large and the frequency is outside 
the WiMAX band. Wang, et al.,3 demonstrated 
two microstrip fed antennas having the layered 
and vertical parts of the radiators perpendicu-
lar to the layered ground by periodically mean-
dering a decoupling element for better isola-
tion. Although isolation is greater than 12 dB, 
the structure uses a microstrip fed monopole-
type decoupling element occupying a large 
volume. Simple meandered quarter-wave long 
radiators are separated by a split ground and a 
hybrid coupler by Sharawi et al.,4 and Bhatti et 
al.,5 respectively. The radiators are connected 
in the LC-based branch coupler for lower cou-
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electric fi eld in one direction through 
the layers for achieving a satisfactory 
antenna gain using the ZOR phe-
nomenon. The platform including the 
ground in Figure 1a has dimensions 
Wx=53 mm, Ly=88 mm, and �Ly=7 
mm.

The antenna element attached to 
the ground and feed points has a vol-
ume L2×L5×AH = 8.5 × 6 × 2.3 mm 
= 117.3 mm3. Confi ned to this vol-
ume, are two resonant current paths. 
The shorter one (bottom metal line 
or bottom SRR) corresponds to the 
higher resonant frequency and the 
longer one (top metal line or top SRR) 

pling,5 but 3D fold-
ed monopoles share 
a shorted loop for 
better decoupling.6 
A very compact ra-
diator using a ZOR 
split ring resonator 
(SRR) is proposed 
and adopted for 
miniature symmet-
ric MIMO antennas 
by S. Yoo et al.7 It 
occupies two-thirds 
of the top edge of 
a handset device, 
with a gain larger 
than 2 dBi and iso-
lation of over 12 dB.

This article de-
scribes a compact 
bandwidth-widened 
and high-isolation 
MIMO antenna 
for LTE mobile 
communication de-
signed to meet the 
specifi cations in 
Table 1. It utilizes 
a small 0.034�g ra-
diator, similar to 
that described by 
Yoo et al., but with 
the addition of four 
thin FR4 layers to 
generate closely lo-
cated resonances 
for broader band-
width. The radiator 
design is applied 
to radiating ele-
ments one and two 
on the top-edge of 
a handheld MIMO 
device with the en-
tire length equal to 
0.108�g. In contrast 
to the other antennas designed for a 
similar frequency band that usually 
occupy a large proportion of the up-
per edge area of the ground; this one, 
in the form of a thin layered structure, 
has a length less than 1/6.5 Wx (see 
Figure 1).

ANTENNA ELEMENT DESIGN
The radiating element includes a 

pair of split ring resonators (SRR) as 
described by Yoo, but they are on dif-
ferent layers to induce resonance at 
closely located frequencies near 2.5 
GHz for widening the bandwidth, 
and to align and gather the fl ux of the 

 Fig. 1  Geometry of the radiating element attached to the ground; 
top overall view (a), 3D view of the radiating element (b), side-view 
showing the thin layers (c).

(a)

(c)

(b)

TABLE I
DESIGN SPECIFICATIONS

Item Specifi cation Item Specifi cation

f0, BW 2.5 GHz, � 250 MHz Return Loss |S11|�-10 dB

Gain � 0 dBi Isolation |S21|�-10 dB

Effi ciency �30% Size �0.25�g
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sL2, and sL3, respectively. As shown 
in Figure 2c, the bandwidth is mar-
ginally greater than 250 MHz. This is 
further adjusted and finalized in tun-
ing of the the two-element MIMO an-
tenna design.

Besides return loss, the ZOR phe-
nomenon provides another beneficial 
characteristic. As expected, the in-
phase and dense flux of the electric 
field is generated in the frequency 

corresponds to the lower resonant fre-
quency. As shown in Figure 1b, the 
main part of the shorter resonance 
path is the cascade of L1, L5, L2, L3, 
and L4, while the longer path consists 
of L1, L5, L2, L6, and L7, with the via 
connecting the top and bottom met-
al lines. The other vias, for example 
Via_dm near the shorting point and 
Via_dm near the feed, have no electri-
cal function but are there for remanu-
facturing purposes.

Because the top and bottom SRRs 
are separated by two FR4 layers, as 
shown in Figure 1c, which might re-
sult in a weak interaction, the middle 
metal line (gL × gW) is inserted to 
strengthen the coupling. Stubs are 
included in the top and bottom metal 
lines to control the coupling as well 
as the resonance lengths. Paramet-
ric studies are used to determine the 
structure’s physical dimensions for 
alignment of the two resonant fre-
quencies just above and below 2.5 
GHz.

The bottom metal line with L4 var-
ied from 1 through 2 mm controls the 
high frequency resonance as shown in 
Figure 2a. The low frequency reso-
nance is changed by the top metal line 
with L7 ranging from 1 through 2.5 
mm as shown in Figure 2b. After 
several parametric sweeps the dimen-
sions of 13.5, 6, 2.3 mm, 6.9, 8.5, 2, 
1, 5.15, 2.8, 1.8, 0.8, 0.2, 0.2, 2.5, and 
8.5 mm are chosen for  AL, AW, AH, 
L1, L2, L3, L4, L5, L6, L7, w1, g1, 
g2, gW, and gL, respectively. All the 
dielectric materials are FR4 with r= 
4.3 and loss tangent of 0.02.

Due to the strength of the two 
resonances and the distance between 
them, there are at this point, two nar-
row bands instead of one wide band. 
This is corrected with the addition 
of the top and bottom stubs and the 
adjustment of lengths sL1, sL2 and 
sL3. As the length of the bottom stub 
(bottom SRR) grows, the high fre-
quency resonance moves downward 
from 2.63 to 2.6 GHz. Also, as the top 
stub is trimmed to increase coupling 
with the bottom metal line, the low 
frequency resonance becomes slightly 
weaker and its steep curve becomes 
smoother. This is observed in Figure 
2c as the introduction and adjustment 
of the stubs moves the split resonant 
frequencies closer and the bandwidth 
becomes wider. The dimensions 3.9, 
2.9, and 3 mm are chosen for sL1, 

s Fig. 2  |S11| versus L4 for the high fre-
quency resonance (a), |S11| versus L7 for the 
low frequency resonance (b), |S11| versus stub 
length (c), ZOR electric field distribution (d).
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CONCLUSION
Using a small radiating structure as 

its basis, a novel compact ZOR MIMO 
antenna with enhanced bandwidth 
and high isolation has been designed. 
Its total length of less than 0.11lg and 
its performance makes it suitable for 
mobile LTE communication applica-
tions. ■
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 Fig. 4  Measured |S11| and |S21| (a), photo and beam patterns of 
antennas 1 and 2 (b).
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6 to 26 GHz Detectors  
for High Data Rate  
ASK Signal Demodulation
X. Feng, Y.H. Zhang, W. Xue, H. Zhang and Y. Fan
University of Electronic Science and Technology of China, Chengdu, China

Ultra wideband detectors developed with flat responses for high data rate ASK 
demodulation contain three blocks; an impedance conversion network (ICN), a 
diode and a lowpass filter (LPF). Wideband properties are achieved by designing 
the LPF to have a suitable input impedance in the stopband; and, high data rate 
capabilities are achieved by designing the ICN to have an appropriate output 
impedance at baseband frequencies. The ICN is also tuned by EDA tools to 
obtain a flat response. Measurements show narrowband fluctuations within 1 
GHz of better than 1.07 dB in a 6 to 26 GHz band. The designed demodulation 
rate is 2.5 Gbps.

Detectors are used in microwave and 
millimeter wave circuits and systems 
to perform various functions such as 

power detection and signal demodulation.1 
For demodulation, systems often employ am-
plitude shift keying (ASK), which is simple 
and capable of high data rates. Unlike detec-
tors with high load impedances used for power 
detection or even low data rate demodulation, 
high data rate demodulation detectors usually 
require 50 V load impedances to facilitate post 
amplification.

For communication circuit engineers, re-
search on demodulation detectors is still an 
active area; especially for optical, UWB or mil-
limeter wave communication system applica-
tions.2-6 A square-law demodulator developed 
for ASK/FSK heterodyne optical receivers was 
reported by Ghiggino2 with a data rate of 648 
Mbps in the operating band of 1 to 4 GHz. The 
detector developed by Ko et al.,3 is based on a 

schottky-barrier-diode (SBD) and is used for a 
60 GHz ASK system with bandwidth of 3 GHz 
with a 622 Mbps data transmission rate. Zirath 
and He4 introduced an active detector based 
on an mHEMT with a 300 Mbps data rate and 
a flat working bandwidth of 10 GHz and a ~60 
GHz center frequency. The above three detec-
tors feature high demodulation rates but nar-
row relative bandwidths. An AM detector for 
UWB (3 to 10 GHz) communication system 
is reported by Sankaran and O,5 however, its 
verified baseband data rate is only 700 kbps. 
A broadband envelope detector based on a 
com~mercially available GaAs packaged di-
ode is demonstrated to work over a 2 to 8 GHz 
band,6 but both total fluctuation and narrow-
band fluctuation are high (7.5 dB), which ham-
pers subsequent signal processing. These two 
detectors have wide working bandwidths but 
suffer from either low data rates or fluctuant 
responses.
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the diode, therefore, the LPF should 
present a high input impedance in 
the stopband. Conversely, a low im-
pedance in the stopband will cause a 
decrease in RF energy added to the 
diode and hence a decreased work-
ing bandwidth. Consider the input 
impedance of the third-order lumped 
LPF in Figure 2a:

Z j L
1

j C
j L 50 j L(1)in1 � ( )= ω +

ω
ω + ≈ ω

where � is the angular frequency and 
it is assumed to be in the stopband, 
such that j�L and j�C both have very 
large values. Thus, Zin1 is an induc-
tive high impedance, which features 
an open stopband property and satis-
fi es the requirement discussed above. 
In microstrip, a high impedance line 
(narrow width) is used to realize a se-
ries inductor (see Figure 3).

In practice, it is diffi cult to main-
tain a high Zin for the microstrip LPF 
in Figure 3 over a wide stopband. This 
may be addressed by restricting the 
length or the order of the fi lter. Al-
though high order (implying large size 
and length) provides excellent sup-
pression, it also introduces parasitics 
so that a high impedance line or ra-
dial stub cannot be simply treated as 
a series inductor or shunt capacitor, 

baseband signal that 
is passed by a DC 
blocking capacitor.

Matching to 
achieve a wide RF 
operating band is 
diffi cult. To address 
this problem, the 

conventional input matching network 
is replaced with an ICN. The ICN 
provides a fl at wide band response 
and an impedance at baseband fre-
quencies that enables high data rates.

The diode provides nonlinearity to 
generate new frequency components, 
including DC and higher order har-
monics, or the baseband component 
for an ASK signal input.1 There are 
two circuit confi gurations, i.e. shunt 
and series (see Figure 2). Both are 
built and tested to illustrate the ef-
fect of the LPF’s input impedance on 
IF bandwidth and to compare overall 
performance. The fi rst function of the 

LPF is to select the 
desired IF signal 
generated by the 
diode and keep the 
RF frequency and 
higher order har-
monics from reach-
ing the output port.7
The second function 
is to concentrate RF 
energy on the diode 
in order to more ef-
fi ciently utilize its 
nonlinearity.

Low Pass Filter Analysis and Design
The LPF has a passband and stop-

band, the passband is matched to a 
reference impedance (usually 50 �), 
and the stopband is, ideally, either 
open or short (this is true for any fi l-
ter). The LPF in Figure 2a, for exam-
ple, approaches an open circuit in its 
stopband, so S11 on the Smith Chart 
is very close to the right, whereas S11
for the LPF in Figure 2b approaches 
a short on the opposite side. LPFs that 
simply produce wide stopbands, with-
out considering input impedance, are 
inadequate for this detector design, 
because RF energy concentration is 
dependent upon the LPF’s input im-
pedance in the stopband. This is sel-
dom discussed in the literature.8-10

For the shunt detector, it can be 
deduced that if the input impedance 
of the LPF is larger than that of the 
diode, more RF energy is added to 

In this article, two detector con-
fi gurations (shunt and series) are de-
scribed. Both feature a wide work-
ing bandwidth, a fl at response and a 
high data rate. An LPF is analyzed 
and designed to have a wide suppres-
sion band and an input impedance 
that enables the detector’s wideband 
property. An ICN replaces the match-
ing network used in conventional de-
tectors to provide a fl at response and 
high data rate demodulation.

DESIGN PROCEDURE
Circuit Confi guration

Although the application may vary, 
a conventional detector usually con-
sists of an input matching network, 
a core detection unit (e.g. diode or 
FET) and an output lowpass fi lter (see 
Figure 1). The output of a demodula-
tion detector is different from a power 
detector because it is not DC, but is a 

 Fig. 1  Conventional detector.
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pedance stopband properties. In mi-
crostrip, a shunt radial stub is used to 
realize a shunt capacitor (see Figure 
5). Figure 6 shows the simulation re-
sults for the series LPF. S11 is on the 
left side of the Smith Chart, which 
means �Zin� is smaller than 50 �. �S21� is 
better than -15 dB from 6 to 26 GHz.

Although suppression of 10 or 15 
dB is not as good some LPFs with 
wide and deep suppression bands,8-10

they do not consider the input imped-
ance or phase of S11. It is necessary 
to consider not only suppression but 
also input impedance in the stopband 
when designing a wideband detector 
or other wideband devices like mix-
ers. The two LPFs described in this 
article have input impedances that 
focus more RF energy on the diode 
and utilize its nonlinearity more effi -
ciently, resulting in higher sensitivity 
and wider working bands.

Impedance Conversion Network 
Design

Conventionally, the diode’s input 
impedance is often matched to 50 �
over a narrow RF frequency band in 
order to obtain a high output voltage. 
As shown in Figure 7, this is because 
the input impedance of the diode at 
different frequencies is dispersed 
across the Smith Chart far away from 

calculated. Figure 
4b shows that S11
falls on the right 
side of the Smith 
Chart, which means 
the magnitude of its 
input impedance 
�Zin� is larger than 
50 �. The closer it 
is to the right end-
point, the larger 
the impedance. �S21�, 
which is better than 
-10 dB from 6 to 26 
GHz, shows that 
good suppression 
is simultaneously 

achieved.
For the series detector, the input 

impedance must be low to ensure that 
RF energy is concentrated on the di-
ode. Consider the third-order lumped 
fi lter shown in Figure 2b:

Z
1

j C
j L

1
j C

50
1

j C
(2)in2 � �=

ω
ω +

ω
⎛
⎝⎜

⎞
⎠⎟

≈
ω

where � is also assumed to be in stop-
band. Thus Zin2 is a capacitive low 
impedance, which features low im-

respectively, and the property of Zin 
changes with frequency. Examples of 
LPF designs in the literature8-10 have 
frequency dependent stopband prop-
erties, i.e. S11 phase moves from one 
side of the Smith Chart to another. To 
reach an acceptable compromise be-
tween bandwidth and suppression, no 
higher than third-order is chosen.

Figure 4 shows the simulated re-
sults of the shunt LPF. Port 1 is shift-
ed to the reference plane where Zin is 

 Fig. 5  Microstrip realization of an LPF for the series detector.
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 Fig. 6  Simulated S-parameters for the 
series detector LPF; S-parameter amplitude 
and Zin magnitude (a), phase of S11 related 
to Zin (b).
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microstrip high-
pass fi lter (HPF) 
is designed to real-
ize the ICN for the 
shunt type detec-
tor. ‘Half lumped’ 
means that the HPF 
is composed of both 
distributed and 
lumped elements. 
The lumped ele-
ments are two single 
layer capacitors, be-
cause it is diffi cult 
to attain enough 
capacitance using 

distributed techniques.
The simulated results (an HPF re-

sponse) are shown in Figure 9. Figure 
9b shows that the magnitude of the 
output impedance is converted from 
50 � (source impedance) to a larger 
value in the baseband (e.g. 80 � at 2 
GHz). In the RF band, the output im-
pedance is around 50 �, which does 
not match the diode input impedance 
(generally not 50 �). This mismatch-
ing method is frequently used in wide-
band design, because there is always 
a trade-off between match and band-
width. An additional attenuator may 
be introduced between the source 
and detector to reduce the effect of 
unmatched energy on source.

For the series detector, in which diode 

sented at baseband frequencies to 
the shunt type detector. As shown 
in Figure 8, a simplifi ed baseband 
equivalent circuit (ignoring reactive 
elements) is a current source with 
two parallel resistors, one represent-
ing the output load (RL) and the other 
representing the magnitude of the in-
put impedance looking into the ICN 
(�Zou  t�). The larger �Zout� relative to RL, 
the more baseband energy is transmit-
ted to the load.

A three order half lumped element 

the center, making wideband match-
ing diffi cult to achieve. In this design, 
sensitivity is traded for fl atness, by re-
placing the matching network with an 
ICN. In order to demodulate a high 
bit rate ASK signal, the ICN must 
convert 50 � to an appropriate im-
pedance as seen from the diode to the 
network at baseband frequencies.

A high impedance must be pre-

 Fig. 7  Diode input impedance for differ-
ent confi gurations.
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B6 #368

The simulation re-
sults are shown in Fig-
ure 11. This ICN con-
verts the magnitude of 
the output impedance 
from 50 � (source im-
pedance) to a smaller 
value in baseband (e.g. 
24 � at 2.5 GHz). In 
the RF band, the three 
sections of stepped im-
pedance are optimized 
for a fl at response of 
baseband output with 
the aid of EDA tools.

TOTAL CIRCUIT SIMULATION
The simulated DC output of the two 

detectors is shown in Figure 12. RF exci-
tation is -5 dBm from 0.1 to 28 GHz, and 
the load termination is 50 �. Total fl uc-
tuation F and narrow band fl uctuation F' 
within 1 GHz are defi ned as follows:

( )

( )
( )
=

=

±⎡⎣ ⎤⎦
=

F 10 log V / V (3)

F' x max

10 log V x 1 GHz / V(x) ,

x 7 ~ 25 GHz (4)

max min

bridges over the ICN and LPF, a low im-
pedance must be presented in the base-
band. A simplifi ed baseband equivalent 
circuit (see Figure 10) is a voltage source 
cascad  ed with �  Zout� and RL. The smaller 
�Zout� is relative to RL, the more baseband 
energy is transmitted to the load.

The ICN for the series type de-
tector consists of three sections of 
stepped impedance transmission line 
and a high RF impedance shorted 
stub in parallel at the end of the sec-
ond section. The stub provides a DC 
path for the series diode and low im-
pedance at baseband.

 Fig. 10  ICN for the series detector along with simplifi ed equiva-
lent circuit.

� Zout � RL

0 4 8 (mm)

w3

13
12

11w2
w1

Step Impedance

Transmission Simplified
Equivalent

Circuit

Port 
1

Port 
2

Z

X

Y

Shorted
Stub with
High Z

ReferencePlane

Zout50 �

 Fig. 11  Simulated S-parameters for the 
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and Zout magnitude (a), phase of S22 related 
to Zout (b).

� Z
out  � (O

hm
)

0

–10

–20

–30

–40

160

120

80

40

0
302520151050

FREQUENCY (GHz)
(a)

(b)
FREQUENCY (0 Hz to 6 GHz)

S22

m1

m2

S-
PA

R
A

M
ET

ER
 (

dB
)

� Zout �

� S22 � � S12 �

For the shunt detector, in the 
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dom binary sequence (PRBS) digital 
signal with bit rate of x Gbps covers x 
GHz spectrum. The passband of the 
LPF is designed to be 4 GHz, so the 
two detectors can work up to a 2.5 
Gbps baseband signal rate. A simulat-
ed demodulation waveform is shown 
in Figure 13, in which the carrier fre-
quency is 16 GHz.

Measured Results
The fabricated detectors are 

shown in Figure 14. The DC output 
voltages and the baseband demodu-
lation waveforms are measured. For 
the DC measurements, output volt-
age measured with a high imped-
ance voltmeter is proportional to the 
output with 50 V, and is more con-
venient to measure. Simulation with 
a 10 MV termination is compared 
with the measured results. The input 
RF power is -5 dBm. Output voltage 
under this condition is the open cir-
cuit output voltage. Comparisons are 
shown in Figure 15.

Measured and simulated results 
agree closely in the 6 to 26 GHz band, 
verifying the design ideology and pro-
cedure. Small deviations are due to 

7 GHz. For the series detector, F = 
1.061 dB appears between outputs of 
28 and 22 mV. The worst F'(x) = 0.7 
dB when x = 7 GHz.

As a rule of thumb, a pseudo ran-

s Fig. 13  Simulated demodulation wave- 
form (2.5 Gbps).
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are 25 and 8 mV, so that F = 4.9 dB. 
The worst F'(x) = 1.094 dB when x = 
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CONCLUSION
Two types of detectors, shunt and 

series, are designed and fabricated. 
Measured output voltage responses 
correspond closely with the simulated 
results, which demonstrate the fea-
sibility of the design procedure. The 
minimum open circuit output voltages 
of the two detectors are measured to 
be 25 and 68 mV, respectively, with -5 
dBm input RF power. Narrowband 
fl uctuation is less than 1.59 dB for the 
shunt detector and is less than 1.07 
dB for the series detector. The aver-
age output voltage of the series type 
is higher than that of the shunt type.

Compared with other published 
detectors, the prototypes described in 
this article have very wide operating 
bands (6 to 26 GHz) and relatively fl at 
frequency responses. Their imped-

The series detector demonstrates bet-
ter performance than the shunt detec-
tor. Both have total fl uctuations better 
than 7.5 dB (reported by Alamri and 
Alamoudi).6

Figure 16 shows the demodula-
tion waveform of a 50 Mbps ASK 
PRBS signal with a carrier frequency 
of 16 GHz, and with a 50 � output 
termination. Table 1 compares the 
performance of these detectors with 
other reported results.

standing waves caused by mismatch, 
manufacturing inaccuracies or imper-
fections in the diode model. For the 
shunt detector, the open circuit out-
put voltage varies from 25 to 82 mV, 
with a total fl uctuation of 5.31 dB. 
The worst-case narrowband fl uctua-
tion is 1.59 dB. For the series detec-
tor, the open circuit output voltage 
varies from 68 to 146 mV, with a total 
fl uctuation of 3.32 dB. The worst-case 
narrowband fl uctuation is 1.07 dB. 

 Fig. 15  Simulated versus measured open 
circuit output voltage; shunt detector (a), 
series detector (b).

140

120

100

80

60

40

20

0

140

120

100

80

60

40

20

0

28242016128O
P

EN
 O

U
TP

U
T 

V
O

LT
A

G
E 

(m
V

)
O

P
EN

 O
U

TP
U

T 
V

O
LT

A
G

E 
(m

V
)

FREQUENCY (GHz)

SHUNT DETECTOR

SERIES DETECTOR

SIMULATED
MEASURED

SIMULATED
MEASURED

(a)

(b)

28242016128

FREQUENCY (GHz)

 Fig. 16  Measured demodulation wave- 
form (50 Mbps).
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ance conversion networks have suffi-
cient bandwidth to demodulate up to 
a 2.5 Gbps ASK signal. The detectors 
are suitable for use in many modern 
communication systems including 
mobile and coherent optical. ■
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TABLE I
COMPARISON WITH OTHER PUBLISHED DETECTORS

Literature Working Band Application Data Rate Fluctuation

[2] 1 to 4 GHz Optical Communication 648 Mbps ±1 dB

[3] 60 GHz Near Field Communication 622 Mbps Not mentioned

[4] 60 GHz Near Field Communication 2 Gbps (simulated) Not mentioned

[5] 3 to 10 GHz UWB Communication 700 Kbps Not mentioned

[6] 2 to 8 GHz Mobile Communication 750 Kbps 7.5 dB

This paper 6 to 26 GHz Optical/Mobile Communication 2.5 Gbps (simulated) 1.59 dB/1.07 dB
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As silicon wafers, wireless devices and 
military systems continue to become 
more complex, multiport vector network 

analysis with S-parameters has 
become an indispensable tool. 
For those who work on the lead-
ing edge, an important trend has 
emerged. A few years ago, many 
needed vector network analysis 
with four-port capability. Then, a 
variety of next-generation prod-
ucts required eight-port mea-
surements, and some manufac-
turers responded. The next gen-
eration needed 16-port capability 
and 32-port requirements are on 
the near horizon.

Along with this trend, many 
organizations are seeking to 
drive down the size of test with 
more capability per cubic inch in 
their test stations. This is a sub-
set of the larger need to drive 
down the cost of test to help 

ensure ongoing profi tability as prices erode in 
wireless communications or as business models 
change in aerospace and defense.

Across these industries and others, more 
system developers are choosing to shift a grow-
ing percentage of their capital-equipment 
budget to modular measurement hardware. 
System size will shrink whether they opt for a 
completely modular architecture or choose a 
hybrid modular/box-instrument approach. Al-
though this will not necessarily reduce up-front 
costs, many expect the long-term cost of own-
ership to decline.

These intersecting requirements have led 
to the creation of a new class of vector network 
analyzers. Although they fi t in just one slot, Key-
sight Technologies’ new M937xA Series PXIe 
VNAs are full two-port vector network analyz-
ers with frequency coverage up to 26.5 GHz 
(see Figure 1). They perform fast, accurate 
measurements and reduce the cost of test by 
enabling simultaneous characterization of many 
devices—two-port or multiport—using a single 
PXI chassis.

154  MICROWAVE JOURNAL  SEPTEMBER 2014

One-Slot PXI Vector 
Network Analyzer
Keysight Technologies Inc., 
formerly Agilent Technologies electronic measurement business
Santa Rosa, Calif.

 Fig. 1  A new class of PXI VNAs offers full 
two-port capability—including a source—in 
a single slot.
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requires S-parameter measurements 
on ten or more ports. In addition, full 
N-port correction is needed to ensure 
accurate results.

Those developing MIMO antennas 
need to investigate antenna mutual 
coupling, which can affect system per-
formance. They can do this through 
channel measurements which entails 
simultaneous S21 measurements for 
all combinations of transmit and re-
ceive antennas. Full N-port correc-
tion is also needed here to ensure ac-
curacy.

Whether the focus is on multi-site 
testing or characterization of multi-
port devices, it should be easy to re-
configure a set of modules in a single 
chassis into arbitrary groups of N-port 
VNAs. For example, a single chas-
sis containing sixteen two-port VNAs 
could be configured as eight four-port 
VNAs, four eight-port VNAs or one 
32-port VNA.

Comparing Approaches
In multi-site testing, today’s typi-

cal solutions use either a VNA with a 
switch matrix or multiple stand-alone 
VNAs. Compared to using a switch 
matrix, a PXI-based approach created 
around one-slot PXI VNAs can en-
able faster throughput with the ability 
to make simultaneous measurements 
on differing numbers of ports, at dif-
ferent frequency ranges, or with seg-
mented sweeps (e.g., power level, IF 
bandwidth, etc.) optimized for speed 
and accuracy. Compared to using mul-
tiple VNAs, the compact PXI VNA has 
a few key advantages: lower total cost; 
smaller footprint and shorter height; 
and closer placement relative to DUTs 
or handler stations. Additional advan-
tages include easier scalability when 

Exploring 
emerging 
themes in 
testing

Within the future 
needs described, 
three major themes 
have crystallized:
•	 �The need to test 

highly complex 
devices in much 
less time without 
sacrificing accu-
racy

•	 �The need to test 
multiple devic-
es—and test in 
greater numbers—at a single test 
station

•	 �The need to reduce the size of the 
test stations used to test multiple 
wafer sites or complex devices
Three types of user scenarios illus-

trate these needs and the desired solu-
tions: implementing a multi-function 
tester, testing multiple devices or sites 
and testing complex multiport devic-
es.

Many system creators have imple-
mented multi-function testers within 
a single PXI chassis. As the chassis fills 
up, fewer slots are available to incor-
porate VNA capability. A one-slot PXI 
VNA is ideal for this situation—and 
that’s why Keysight’s engineers endeav-
ored to create this compact solution.

On the production line or in a wafer 
fab, there is a growing need to test mul-
tiple devices or multiple wafer sites at 
a single test station. Examples include 
components for mobile handsets, mili-
tary radios and increasingly dense sili-
con wafers. In such situations, one of 
the key needs is to reduce the overall 
size of the test solution. The ability to 
install multiple two-port PXI VNAs in 
a single chassis provides a tremendous 
space reduction when compared to us-
ing multiple benchtop analyzers on the 
production line or alongside a probing 
station (see Figure 2).

As devices become increasingly 
complex, there is a need to easily char-
acterize a full set of S-parameters on a 
large number of ports—eight, sixteen, 
or more. Examples include RF front 
end modules (FEM), multiple-input/
multiple-output (MIMO) antennas, 
smart antennas and phased-array 
transceiver modules.

Specifically, total characterization 
of a FEM used in mobile handsets 

s Fig. 2  Adding a pair of two-port PXI VNAs to an existing test 
station enables powerful device characterization without expanding 
system height or footprint.
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International Sales: 4 School Brae, Dysart, Kirkcaldy, Fife, Scotland KY1 2XB UK • Tel: +44(0)1592655428  

Instantly Improve the
Performance of Your 
Phased Array Radar!

Phased Array Radar system performance has long been limited by the phase change over 
temperature of coaxial cables.  

Not anymore!  

TF4™ - our proprietary, ultra stable dielectric material significantly improves Phased Array Radar
system performance by reducing the phase change of the interconnecting coaxial cables.

Typical PhaseTrack TF4™ Performance Typical Low Density PTFE Performance

• Available NOW in various flexible coaxial cable and semi rigid coaxial cable assembly sizes
• Perfect for all Ground, Naval, Airborne or Spaceflight Phased Array Radar applications
• Frequency ranges to 40 GHz
• Wide range of connector types available
• Best Phase Tracking and Absolute Phase Change performance available
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See us at EuMW Stand 166

MWJTIMES0514.indd   157 8/27/14   8:54 AM

http://www.mwjournal-digital.com/mwjournal/september_2014/TrackLink.action?pageName=157&exitLink=http%3A%2F%2Fwww.timesmicrowave.com
http://www.mwjournal-digital.com/mwjournal/september_2014/TrackLink.action?pageName=157&exitLink=http%3A%2F%2Fwww.timesmicrowave.com%2Fcms%2Fproducts%2Fassemblies%2Fphase-critical-assemblies%2F
http://www.mwjournal-digital.com/mwjournal/september_2014/TrackLink.action?pageName=157&exitLink=http%3A%2F%2Fwww.timesmicrowave.com


ProductFeature

158 	 MICROWAVE JOURNAL n SEPTEMBER 2014

Powerful Multipath/Link
Emulator

Mobile Comm’s on the move testing

Unmanned Arial Vehicle (UAV) testing
Multipath Rayleigh & Rician Fading

dBmCorp, Inc
32A  Spruce Street      Oakland,  NJ 07436
Tel (201) 677-0008       Fax (201) 677-9444

WIN-T    - warfare information  networks, tactical

MUOS    - mobile user objective system

JTRS      - Joint Tactical Radio System

IRIS        - Internet routing in space

Sophisticated Satellite link emulation

Software showing mobile link setup

Test solutions for ....

 250 MHz

bandwidth

RF Test Equipment for Wireless Communications www.dbmcorp.com

typically provides higher performance 
in terms of dynamic range and direc-
tivity by eliminating the signal degra-
dation that can be caused by cascaded 
external switches.

Compact Test Solutions
Until very recently, when limited 

VNA capabilities became available 
in the PXI form factor, the default 
frame of reference—for manufactur-
ers and end users—was benchtop in-
struments. Over the years, Keysight 
has enhanced many of its benchtop 
VNAs with capabilities that increased 
the number of ports that can be mea-
sured simultaneously. The downside: 
solutions that require more than eight 
ports often become unwieldy in terms 
of size, cabling, complexity and power 
consumption.

The one-slot PXI VNA puts full 
two-port capabilities in a device that is 
just 3.75" × 7" × 0.75" (95 × 178 × 19 
mm). The single-slot package contains 
a surprising amount of performance 
in terms of speed, trace noise, stability 
and dynamic range. The foundation 
of that performance is a combination 
of proven, high-performance compo-
nents and a pair of high-density circuit 
boards.

Six models are available, reaching 
from 300 kHz to 4, 6.5, 9, 14, 20 or 
26.5 GHz (see Figure 3). This en-
ables system creators to purchase the 
frequency coverage they need now 
and easily upgrade it in the future.

Of course, calibration is the other 
key to accurate, repeatable S-param-
eter characterization. The PXI VNA 
uses the same measurement science 
and the same proven, trusted calibra-
tion routines found in Keysight’s PNA 
family of microwave network analyz-
ers: through-reflection-line (TRL), 
short-open-load-through (SOLT) and 
specialized calibration routines. In 
addition, the PXI VNA offers guided 
calibrations, full multiport calibration 

greater flexibility in port count, letting 
the system creator add ports in incre-
ments of two rather than four, which is 
common with box VNAs. This level of 
flexibility also translates into greater 
uptime: if a module fails, it can be eas-
ily removed and replaced.

Compared to a switch-matrix solu-
tion, the PXI-based approach has the 
same advantages in throughput and 
size described previously. In addition, 
the use of multiple two-port VNAs 

more ports are needed and the ability 
to add signal analysis, signal genera-
tion, and more, in open slots.

For multiport testing, the available 
solutions are based on either a multi-
port VNA or VNA plus a switch matrix. 
Compared to a typical multiport VNA, 
the one-slot PXI VNA offers more 
flexibility in frequency range, and this 
can mean lower up-front cost and sim-
pler upgrades when moving to higher 
frequencies. The PXI VNA also offers 

s Fig. 3  The family provides consistent 
speed and performance across a choice of six 
frequency ranges.
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Reliable, tightly packaged high-voltage 
transformers, TWTAs, MPMs and power 
supplies require precise assembly and 
proprietary potting and encapsulation. 
Since 1990, dB Control has designed, 
manufactured, repaired and refurbished the 
densest power supplies used by military and 
commercial contractors for mission-critical 
ground-based, shipborne and high-altitude 
manned/unmanned aircraft platforms. If 
your expectations are as high as your power 
requirements, contact us today.

© 2014 dB Control Corp. All rights reserved. Photos provided courtesy U.S. Air Force, U.S. Army and U.S. Navy.

+1 (510) 656-2325
marketing@dBControl.com
www.dBControl.com 

Reliable RF 
power comes 
from precision 
manufacturing.

dB Control 
delivers. 

port counts will benefi t from a more 
powerful embedded controller in the 
chassis.

Measurement functionality is scal-
able through a range of software op-
tions. At introduction, optional capa-
bilities include time-domain analysis, 
N-port calibrated measurements and 
advanced fi xture-simulator capabilities.

The PXI VNAs also provide a 
graphical user interface that shares 
the familiar look and feel of Keysight’s 
benchtop PNA family. This eases the 
transition to PXI for benchtop users 
developing solutions in R&D or man-
ufacturing.

GAINING A MEANINGFUL EDGE
Whether end users are testing ac-

tive or passive devices, the right mix 
of speed and performance in vector 
network analysis provides a meaning-
ful edge in today’s highly competi-
tive industries. Increasingly, business 
requirements also dictate the need 
for greater fl exibility and a smaller 
physical footprint. The new class of 
one-slot, two-port PXI VNAs offers 
choices in form factor and fl exibility 
that address present and future needs 
in aerospace, defense, wireless com-
munications and semiconductors.

Keysight Technologies Inc., 
formerly Agilent Technologies 
electronic measurement business
Santa Rosa, Calif. 
www.keysight.com/fi nd/pxivna

VNAs in a single chassis, or cascaded 
modules that create a fl exible combi-
nation of multiport VNAs in one chas-
sis (see Figures 4 and 5).

If necessary, multiple PXI chassis’ 
can be connected and synchronized 
to enable even greater test capacity 
in a small footprint. For these con-
fi gurations, each chassis must have its 
own embedded controller to manage 
measurement activity, data reduction 
and data transfers. In all cases, larger 

capability and is compatible with Key-
sight’s electronic calibration (ECal) 
kits as well as mechanical calibration 
kits.

FLEXIBLE COMBINATIONS AND 
CONFIGURATIONS

All of these capabilities can be 
confi gured to satisfy the range of sce-
narios described earlier: a one-slot, 
two-port VNA for a compact multi-
function tester, up to sixteen two-port 

 Fig. 5  This multi-site confi guration 
example includes a quartet of independent 
four-port PXI VNAs in a single chassis.

 Fig. 4  This versatile multiport confi gu-
ration uses sixteen two-port PXI VNAs in a 
single chassis.
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Single Path to Optimum Performance

Dynawave • 135 Ward Hill Ave • PO Box 8224 • Haverhill, MA 01835

www.dynawave.com   •  978.469.0555

We make our own low loss cable
DynaCore®, Low Density PTFE
and Phase Stable Technologies

We make our own connectors
standard and custom

We supply the highest performance 
assemblies DC to 65 GHz

Find out more about our 
complete capabilities and 
brand new products.

Scan the QR code to instantly access our website to 
see the most comprehensive line of high performance, 
low loss bulk cable, connectors and cable assemblies.

brand new products.

standard and custom

We supply the highest performance 
assemblies DC to 65 GHz

Scan the QR code to instantly access our website to 
see the most comprehensive line of high performance, 
Scan the QR code to instantly access our website to 
see the most comprehensive line of high performance, 
low loss bulk cable, connectors and cable assemblies.

Scan the QR code to instantly access our website to 
see the most comprehensive line of high performance, 

We supply the highest performance 

Scan the QR code to instantly access our website to 
see the most comprehensive line of high performance, 
low loss bulk cable, connectors and cable assemblies.

Scan the QR code to instantly access our website to 
see the most comprehensive line of high performance, 
low loss bulk cable, connectors and cable assemblies.
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In the evolution of multiport connectors, 
Spectrum Elektrotechnik GmbH has 
played an important and key role in devel-

oping products that offer practical solutions. 
Years ago all interconnections were made by 
using standard connectors, such as N, TNC, 
BMA, SMA, etc. However, as packaging den-
sity became a requirement, smaller connectors 
(such as SSMA) were developed. Although 
connectors became smaller, space was still 
needed for connecting and disconnecting, us-
ing a wrench for tightening and loosening.

The development of snap-on connectors 
was a breakthrough that addressed the need 
for connections in compact situations but one 
problem still existed – manually connecting 
every single line. The more assemblies to be 
connected, the greater the possibility of mak-
ing a wrong connection as well as the issue of 
connections becoming loose during vibration 
or shock – although connectors like the full 
detent SMP already provide a safe connection.

FOOLPROOF CONNECTIONS
The use of the MIL-DTL-38999 shells and 

the development of size 8 and 12 connectors 
for microwave connections was a first step in 
the right direction towards making proper con-
nections in seconds for a number of microwave 
lines. The availability of five different keyed 
shells (0 and A to D) reduced the risk of con-
necting the wrong shells and made connections 

foolproof.  Patterns from several manufactur-
ers became available, usually mixing a num-
ber of microwave inserts of size 8 or 12, with a 
number of signal lines included.

The system is useable for low frequency ap-
plications, but there is a disadvantage at higher 
frequencies. The soft rubber does not guaran-
tee exact alignment of size 8 or 12 contacts or 
the perfect mating of the male/female interfac-
es, which is a prerequisite for high frequency 
applications.

Advanced installations require a high num-
ber of connections in as small a shell as possible 
and often require only microwave connections 
and not signal lines. The microwave cable as-
semblies must be low loss and must utilize high 
density dielectrics, since long cable lengths are 
often required. Applications for such cable as-
semblies are in surveillance aircraft and other ve-
hicles that use microwave equipment. Similarly, 
there can be a large number of cable assemblies 
in medical applications and test centers, which 
must be connected safely and quickly.

Spectrum Elektrotechnik GmbH was the 
first company to develop the circular SQ-Se-
ries, using the MIL-DTL-38999 shell, series 
3, size 21, packing eight microwave cable as-
semblies of 4.3 mm diameter as compactly as 
possible (see Figure 1). In addition, the series 
features the quick replacement of defective as-
semblies, using bayonet catch inserts and oper-
ating to 24 GHz with low VSWR.

162 	 MICROWAVE JOURNAL n SEPTEMBER 2014

Multiport Connectors 
Evolve
Spectrum Elektrotechnik GmbH
Munich, Germany
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connect series 3 MIL-DTL-38999 
shells, the shells of MIL-DLT-38999, 
Series I, incorporating a bayonet catch 
system, has been developed to provide 
even faster connection and disconnec-
tion. While the BQ-Series employs 
common ground cables, the CQ-Se-
ries isolates the cable assemblies from 
each other within the circular shell.

Certain applications demand spe-
cific solutions. An aircraft, for exam-
ple,  has one multiport outside and 
one mating port inside. Therefore 
pressurized units are offered that sat-
isfy tests in accordance with EIA-364-
02C.

Since size 21 and 25 circular 
shells are too big for certain require-
ments, Spectrum has used the MIL-
DTL-38999, size 13, circular hous-
ing that packs nine 2.4 mm diameter 
microwave cable assemblies into the 
housing and operates to 40 GHz. The 
design goal is a VSWR of 1.2:1 max 
at 40 GHz with the current VSWR of 
1.35:1.

Spectrum Elektrotechnik GmbH is 
currently engineering a size 25 circu-
lar unit, carrying 19 microwave cable 
assemblies and operating to 40 GHz. 
An additional development is a multi-
port design to 67 GHz (see Figure 3), 
incorporating a minimum nine assem-
blies in a size 13 circular shell adher-
ing to MIL-DTL-38999, guaranteeing 
a maximum VSWR of 1.35:1 for each 
pair of the assemblies at 67 GHz.

CABLE ISOLATION
The TQ-Series (shown in Figure 

2) is available for 12, 10, 8, 7 and 4  
microwave cable assemblies using 
7.6 mm diameter cable assemblies 
with a low loss of 0.65 dB/m (0.2 dB/
feet) at 18 GHz. Since the TQ-Series 
uses a common ground among the 
cable assemblies within one shell, the  
IQ-Series has been designed to isolate 
the assemblies from each other.

Although it takes only seconds to 

The TQ-Series was developed to 
address the requirement for more 
connections and low loss microwave 
lines to be connected within seconds. 
It adheres to MIL-DTL-38999 with a 
size 25 shell, connecting up to 12 low 
loss microwave cable assemblies of 3.2 
or 4.3 mm diameter in seconds, using 
the proven front end design of the SQ-
Inserts for the frequency range up to 
24 GHz and newly designed inserts for 
applications to 40 GHz.

s Fig. 1  The traditional SQ-8, connecting 8 
low loss cable assemblies in seconds.

s Fig. 2  The TQ-Series, connecting up 
to 12 assemblies in size 25 shell per MIL-
DTL-38999.
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BeRex, Inc.  1735 North 1st Street Ste. #302 San Jose, CA 95112 Tel: (408) 452-5595
Check out our website for details at: www.berex.com

Power 
pHEMT

Gate Size
(µm)

FREQ.
(GHz)

Idss
(mA)

GAIN
(dB)

P1dB
(dBm)

PAE
(%)

BCP020T* 0.25x200 DC - 26.5 65 17.7 24 60

BCP030T* 0.25x300 DC - 26.5 95 15.6 25.5 65

BCP040T 0.25x400 DC - 26.5 120 14.0 26.0 65

BCP060T* 0.25x600 DC - 26.5 180 12.0 28.0 60

BCP060T2 0.25x600 DC - 26.5 180 12.5 29.0 65

BCP080T* 0.25x800 DC - 26.5 240 10.5 30.0 60

BCP080T2 0.25x800 DC - 26.5 240 11.5 30.0 65

BCP120T 0.25x1200 DC - 26.5 350 11.0 32.0 60

BCP160T 0.25x1600 DC - 26.5 500 10.5 33.0 60

BCP240T 0.25x2400 DC - 26.5 700 10.0 34.5 55

All specifications are typical at 12 GHz

MESFET Gate
(µm)

FREQ.
(GHz)

Idss
(mA)

GAIN
(dB)

P1dB
(dBm)

PAE
(%)

BCF020T 0.3 x 200 DC - 26.5 60 13.5 20.0 31

BCF030T 0.3 x 300 DC - 26.5 90 13.5 21.5 30

BCF040T 0.3 x 400 DC - 26.5 120 13.0 23.0 32

BCF060T 0.3 x 600 DC - 26.5 170 12.5 25.0 32

BCF080T 0.3 x 800 DC - 26.5 240 11.2 26.0 27

BCF120T 0.3 x 1200 DC - 26.5 340 11.2 28.0 31

BCF240T 0.3 x 2400 DC - 26.5 720 9.8 30.4 26.7

Ultra LNA 
pHEMT

GATE    
(µm)

FREQ.
(GHz)

NF
(dB)

Ga
(dB)

P1dB
(dBm)

Vds
(V)

BCP016B 0.15x160 DC - 40 0.4 13.5 14.5 2

All parts are available in bare-die.  
Items marked with a * are also available in 70 mil 
Micro-X Ceramic SMT packages.

BEREX

Low-Phase Noise MESFETs Now
Compliment the BeRex pHEMT Family

•	 Proven Reliability & Performance  
•	 All parts are in stock now
•	 Made in the USA

shells will carry 4, 8, 10, or 12 cable 
assemblies and utilize a specially de-
veloped locking mechanism.

There are proposals for carrying 
up to 80 connections in a rectangular 
multiport. Due to the high number 
of connections and disconnections to 
be made at once, focus needs to be 
directed to the fl oat mount capability 
of the units, their safe connection and 
electrical performance, with special 
attention to the insertion and with-
drawal forces and safe locking. Using 
its experience Spectrum Elektrotech-
nik GmbH is constantly developing 
multiport units to meet customer re-
quirements.

Spectrum Elektrotechnik GmbH 
Munich, Germany 
+49 89 3548040 
www.spectrum-et.com

the cable assemblies while already 
aligned in the shell and using standard 
SMA assemblies. The push-on con-
nectors offer a fl oat mount capability 
at low cost.

Looking forward, Spectrum Ele-
ktrotechnik GmbH is developing a 
number of small rectangular multi-
port connectors using different shapes 
in order to fi t the system’s dimensional 
requirements – see Figure 5. The 

RECTANGULAR CONNECTORS
Rectangular multiport connec-

tors often fi t the system requirements 
better. For a special project, the 
RQ23-DC26 (shown in Figure 4) in-
corporates 23 microwave cables and 
26 signal connections in a rectangular 
housing has become a reality. Spec-
trum’s Push-On SMAs were used as 
inserts to meet the customer’s specifi c 
requirement for individual testing of 

 Fig. 4  The standard RQ23-DC26 using 
23 coaxial microwave assemblies and 26 
signal lines.

 Fig. 3  TQ-9 Multiport: 9 × 40 GHz coax-
ial cable assemblies in the MIL-DTL-38999, 
size 13.

 Fig. 5  The new rectangular multiport 
designs featuring 4, 8, 10 and 12 coax connec-
tions.

See us at EuMW Stand 219
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That’s because we design and manufacture every filter we sell. 
And with 25 years of filter design and manufacturing experience and a library
of more than 5,000 designs, we can modify standard designs when others cannot. 

Bring us your challenge, we’ll provide the solution!
Call us at (973) 772-4242
Send us an email at sales@anatechelectronics.com
www.anatechelectronics.com

   
  

RF & Microwave Filters
& Related Products

Change connector type
Change the center frequency
Widen or narrow the filter’s 
bandwidth
Achieve sharper transition 
from passband to stopband
Modify or reduce the filter’s footprint 
Weatherproof the filter for outdoor use 
Add hardware for every type of mounting 
Suggest design options that 
achieve desired performance 
at lower cost and reduced size
…and many more options 
as well.

Seen our new Web site?

It makes finding a standard filter or 
specifying a custom one easier than ever!

Need a Standard or 
Custom Filter?

Anatech Has the Answer
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Live testing of devices and network equip-
ment in the field is a well-practiced ap-
proach to ensure interoperability and 

performance. It can, however, prove to be labor 
intensive, time-consuming and generate incon-
sistent results. In order to address these issues, 
testing has increasingly migrated to laboratory-
based methods. Yet, the issue of faithfully rep-
licating the ‘field in the lab’ has always proved 

elusive. Over recent 
years laboratory-based 
testing methods have 
been refined and now 
offer the prospect of 
accurate and repeat-
able field testing in 
the lab, resulting in 
accelerated product 
qualification.

Mobile operators 
and their supply chain 
use virtual drive test-
ing to assess the per-
formance of a device 
or network equipment 
to improve the end-
user experience. Vir-

tual drive testing is a lab-based approach that 
enables users to test mobile devices and infra-
structure under controlled and close-to-reality 
radio conditions by importing field data from 
drive test tools and scanners. In this approach, 
the base station is connected to the mobile de-
vice via the channel emulator.

VDT INCREASES PRODUCTIVITY
Anite’s Virtual Drive Testing (VDT) solution 

helps to further increase productivity as the 
same tool chain can be used throughout the 
end-to-end test and measurement cycle. Users 
of the Propsim-based VDT tool (see Figure 1) 
are able to benefit from a consistent and con-
nected approach to device automation, data 
logging, analysis and reporting in both field 
and laboratory environments. This will help us-
ers accelerate development, test planning, data 
analysis and reporting. With common tools for 
various applications, users can also reduce time 
spent on reporting and training staff.

The Propsim-based VDT Tool employs the 
field test measurements (including RF environ-
ment data) captured from real live networks by 
Nemo tools – Anite’s branded field measure-
ment tools that enable users to perform data 
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Field-To-Lab Virtual 
Drive Testing Tools
Anite
Fleet, UK

s Fig. 1  The Propsim F32.
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NEWfor2014

 Find Reps, Engineers and Used Equipment.
 Post your listing on the new MWJ classified section.

www.mwjournal.com/classifieds

controllable laboratory environment. 
Once the device or network equip-
ment has been redesigned to address 
the identified issues, the VDT Tool is 
used to verify the performance of the 
device using the same test conditions.

A CONNECTED PORTFOLIO
Through its approach Anite offers a 

connected portfolio with comprehen-
sive technology and functionality sup-
port: Nemo tools offer broad device 
and chipset model support for device 
automation and data logging, while 
the Propsim F32 meets the design 
and verification challenges introduced 
by multifaceted wireless products that 
need to support multiple radio ac-
cess technologies, multiple frequency 
bands and multiple antenna elements.

Anite  
Fleet, UK  
+44 1252 775200  
www.anite.com

channels and a 
350 to 2700 MHz 
RF range. A single 
Propsim F32 is able 
to emulate RF con-
ditions for up to 10 
independent LTE 
MIMO mobile us-
ers in two eNodeB 
cells, alternatively 
for up to four in-
dependent LTE 
MIMO mobile us-
ers in four eNodeB 
cells. Figure 3 shows the LTE Report 
and data analysis in the VDT Tool.

Quality of service experienced by 
end-users on the move needs to be 
maintained despite varying network 
and environmental conditions. The 
fall back to legacy RATs from LTE 
needs to be smooth with guaranteed 
handover under various radio chan-
nel conditions to ensure a consistently 

high quality of ex-
perience. Further-
more, network ele-
ments and devices 
from multiple ven-
dors need to inter-
operate at all times.

To this end the 
user of the VDT 
Tool is able to 
troubleshoot de-
sign issues under 
real life conditions 
in a repeatable and 

acquisition, analysis and reporting 
in the field. The user is then able to 
re-create repeatable, real-world RF 
conditions for use in laboratory-based 
device or network equipment testing. 
Figure 2 shows how the VDT Tool 
provides RF environment playback.

VDT supports a wide range of test 
applications for voice and video qual-
ity, data performance and battery life 
testing. By replicating all elements of 
the real RF propagation environment 
(e.g. delay spread, Doppler, path loss, 
interference, MIMO correlation and 
antenna parameter effects), perfor-
mance issues can be identified and 
resolved early in the development and 
design verification process.

EMULATION CAPACITY
The VDT Tool is able to benefit 

from the Propsim F32’s RF emula-
tion capacity that offers: 32 RF input 
and output channels, 128 multi-link 

s Fig. 2  VDT Tool: RF environment playback.

s Fig. 3  LTE Report and data analysis in the VDT Tool.
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LDMOS RF Power Transistors
UHF/L-Band Radar, Avionics & Broadcast Applications

Infineon’s latest generation of RF Power products enable the design of 
compact, broadband and efficient RF power amplifiers. Our technology 
portfolio provides the most advanced solutions for today’s multi-carrier, 
multi-mode communication amplifiers and the most rugged and stable 
devices in pulsed applications.

 � State-of-the-art LDMOS process technology (28V and 50V) 
 � 5W to 1000W
 � High ruggedness
 � Internal matching technology for DPD friendliness

Featured Product:

 � 700W L-Band Transistor
 �  1200MHz – 1400MHz

Product Information

www.infineon.com/rfpower

PTVA127002EV

RADAR and Avionics Product Line

Product Operating 
Frequency 

(MHz)

Matching @P1dB @P3dB Pulse VSWR

POUT (W) Gain (dB) Eff (%) POUT (W) Gain (dB) Eff (%)

PTVA030121EA 390 – 450 No 12 25.0 69 14 22.0 73 12µs, 10% DC 13:1

PTVA035002EV 390 – 450 No 400 19.5 65 500 17.5 67 12µs, 10% DC 13:1

PTVA104501EH 960 – 1215 I/O 450 17.0 57 490 15.0 55 128µs, 10% DC 10:1

PTVA101K02EV 1030 / 1090 I 920 18.0 56 1090 16.0 57 128µs, 10% DC 10:1

PTVA120251EA 500 – 1400 No 30 16.0 56 40 14.0 59 300µs, 10% DC 10:1

PTVA120501EA 1200 – 1400 I 54 16.5 55 63 14.5 57 300µs, 10% DC 10:1

PTVA123501EC/FC 1200 – 1400 I/O 375 16.0 56 415 14.0 57 300µs, 12% DC 10:1

PTVA127002EV 1200 – 1400 I/O 700 16.0 55 800 14.0 58 300µs, 10% DC 10:1

UHF/Broadcast Product Line 

Product Operating 
Frequency 

(MHz)

Matching DVB-T Characteristics VSWR

POUT (W) Gain (dB) Eff (%) IMD (dBc)

PTVA042502EC/FC 470 – 806 I 55 18.5 25.5 –33 10:1

PTVA043502EC/FC 470 – 860 I 70 17.5 25.0 –30 10:1

PTVA047002EV 470 – 806 I 135 17.5 33.0 –29 10:1
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New RF Power Transistors
Broadband Doherty Solutions for Cellular Infrastructure

Product Information

Product Doherty-in-
Package

Operating  
Frequency  

[MHz]

P1dB
Typ 
[W]

Gain  
Typ  
[dB]

Eff  
Typ  
[%]

Supply 
Voltage 
Typ [V]

Package Type

PTVA093002TC Yes 700 – 960 2X50 19.0 50.0 50 H-49248H-4 

PXAC180602MD Yes 1800 – 2000 21+28 18.0 50.0 28 PG-HB1DSO-4-1

PXAC201202FC Yes 1800 – 2200 40+80 16.0 45.0 28 H-37248-4

PXAC201602FC Yes 1800 – 2200 55+85 18.5 49.0 28

PTAC240502FC Yes 2620 – 2690 17+33 14.2 44.2 28

PXAC261002FC Yes 2496 – 2690 40+70 15.6 46.0 28

PXAC261212FC Yes 2496 – 2690 50+75 15.0 48.0 28

40W Asymmetric Doherty
1805 – 1880MHz 

POUT = 48dBm Avg
Gain = 15dB
Efficiency = 46.5%

Cellular Doherty Reference Designs

60W Symmetric Doherty
1805 – 1880MHz

POUT = 49.4dBm Avg
Gain = 16dB
Efficiency = 45%

See our entire portfolio of RF Power Solutions at www.infineon.com/rfpower or contact us at highpowerRF@infineon.com

© 2014 Infineon Technologies AG.
All Rights Reserved.

General Purpose Transistors (700MHz – 2200MHz)

Product Operating 
Frequency 

[MHz]

Matching P1dB
Typ 
[W]

Gain 
Typ 
[dB]

Eff 
Typ 
[%]

POUT 
Avg 
[W]

Test Signal Supply 
Voltage 
Typ [V]

qJC

[°C/W]

Package Type

PTFC270051M 900 – 2700 Unmatched 7.3 20.3 60 – CW @ 2170 28 3.84 PG-SON-10

PTFC270101M 900 – 2700 Unmatched 12 20.0 60 – CW @ 2140 28 4.04

LDMOS Integrated RF Power Amplifiers (700MHz – 2200MHz)

Product Operating 
Frequency 

[MHz]

Matching P1dB
Typ 
[W]

Gain 
Typ 
[dB]

Eff 
Typ 
[%]

POUT 
Avg 
[W]

Test Signal Supply 
Voltage 
Typ [V]

qJC

[°C/W]

Package Type

PTMA080152M 700 – 1000 I 20 30 34 8 GSM/EDGE 28 8.5/2.5 PG-DSO-20-63

PTMA080302M 700 – 1000 I 32 31 36 15 GSM/EDGE 28 6.7/1.7

PTMA180402M 1800 – 2200 I 40 30 16 5 CDMA 28 3.6/1.5

PTMA210152M 1800 – 2200 I 20 28.5 33 7 WCDMA 28 10.7/2.9

PXAC192207FH

PXAC192207FH

PXAC192207FH

PXFC191507DC

Main

Peak

NEW 

NEW 

NEW 

Main

Peak
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ProductFeature

A large anechoic chamber traditionally 
represents a dedicated infrastructure, 
with extensive real estate and building 

expenses. Add to that temperature and humid-
ity control driving up power costs and a dedi-

cated crew operating the chamber with one or 
more specialists. This is why Microwave Vision 
Group (MVG) created StarLab as a compact 
and portable, all-in-one antenna measurement 
tool.

StarLab is a multi-capability product 
that performs 3D passive measurements 
in spherical and cylindrical geometries. It 
can also characterize antennas in 3D OTA 
(spherical measurements). The system is 
based on patented probe array technology. 
The StarLab system offers the speed advan-
tages of a probe array, while the mechanical 
rotations in azimuth and elevation allows for 
unlimited angular resolution over the full 
3D sphere. By adding a linear positioner, the 
StarLab system can be converted to a com-
pact cylindrical near field measurement sys-
tem. This system is particularly well-suited 
for measurements of base stations and other 
sectorial type array antennas often used in 
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Compact and 
Portable Antenna 
Measurement Tool
Microwave Vision Group (MVG)
Kennesaw, Ga.

s Fig. 1  2D far-field patch antenna measurement.
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TVAs from the recognized leader in high reliability resistive 
components offer:

•	 Case	size	0.150”	x	0.125”	x	0.018”
•	 Choice	of	three	temperature	coefficient	of	attenuation	(TCA)	

values:	-0.003,	-0.007,	-0.009
•	 Attenuation	values	from	1-10	dB
•	 Planar	design	with	solderable	or	wire	bondable	terminations
•	 Lower	signal	distortion,	phase	change	and	intermodulation	

compared	with	active	circuit	temperature	compensation

When the mission is critical, choose  
State of the Art.

State of the Art, Inc.
ResisTive	PRoduCTs

Made in the USA.

                Temperature  
Variable Attenuators
                Temperature                 Temperature 
Variable Attenuators

generation of telecommunication 
devices

•  Rubberized absorbers added for 
increased life span, ruggedness and 
a dust-free environment

•  Fiber optic lighting added to the 
arch to facilitate visibility of the de-
vice under test (DUT)

•  Auto calibration is signifi cantly im-
proved

•  Upcoming software updates (start-
ing with SAM—Satimo’s specifi c 
software to drive OTA measure-
ments) offer a much more user-
friendly interface and feature new 
capabilities such as batch measure-
ments and an integrated viewer.

USING STARLAB
The StarLab system is a compact, 

near fi eld measurement system, with 
fi eld sampling performed by a wide-
band probe array. The array is com-
posed of a number of evenly spaced 
elements along the circumference of 
the support structure.

In the spherical near fi eld confi gu-
ration, the antenna under test (AUT) 
is positioned in the centre of the sys-
tem on top of a very low dielectric 
column. The full-sphere measure-
ment is performed by electronically 
scanning the probe array in elevation 
and rotating the DUT 180° in azimuth 
(see Figure 1). This enables a full 3D 
measurement to be performed rapidly 
(see Figure 2).

The probes are dual-polarized, 
wideband printed elements specifi cal-
ly designed and optimized for probe 
array applications. The probe array el-
ements are mounted on a circular arch 
and embedded in multi-layer confor-
mal absorbers, keeping the refl ectiv-
ity of the probe array at a minimum. 
The internal diameter of the StarLab 
probe array is 90 cm, measured from 

NEW FEATURES AND IMPROVED 
CAPABILITIES
•  Frequency bands covered now ex-

tend as low as 650 MHz and up to 
18 GHz

•  Increased measurement speed up 
to 4 times faster than previous units

•  Increased dynamic range up to 20 
dB; the frequency range of Star-
Lab now fully supports Wi-Fi, LTE 
and upcoming protocols, making 
StarLab fully prepared for the next 

radar applications.
Because StarLab is compact and 

portable, it can perform measure-
ments inside a shielded chamber, but 
can also perform passive measure-
ments without the necessity of a test 
chamber. The StarLab doesn’t require 
special power or temperature control.

StarLab has recently undergone a 
complete transformation to give it ex-
tended capabilities, as well as a new 
look for an improved user experience.

 Fig. 2  3D far-fi eld view of patch antenna 
with WaveStudio software.
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High-powered performance across wide frequency ranges.   
These class A/AB linear amplifiers have set a standard 
throughout the RF & microwave industry. Rugged and 
reliable, they feature over-voltage and over-temperature 
protection, including the ability to withstand opens and 
shorts! And they’re all in stock, whether with a heat 
sink/fan ( for design labs and test benches), or without 
(for quick integration into customer assemblies ). Go to 
minicircuits.com, where it’s easy to select the models 
that meet your needs, including new features like    
TTL-controlled RF output. Place an order today, and you 
can have them in your hands as soon as tomorrow—or 
if you need a custom model, just give us a call for an 
engineer-to-engineer discussion of your requirements!

       

416 rev AD

                                   UP TO 100 Watt

AMPLIFIERS
  100 kHz to18 GHzNOW!

Mini-Circuits®

www.minicircuits.com    P.O. Box 350166, Brooklyn, NY 11235-0003   (718) 934-4500   sales@minicircuits.com

   
$995ea. qty. (1-9)from

Model        Frequency Gain Pout @ Comp.     $ Price
       (MHz) (dB)   1 dB 3 dB  (Qty. 1-9)  
       ( W ) (W)                                                 
ZVE-3W-83+ 2000-8000     36 2 3 1295  
ZVE-3W-183+ 5900-18000    35 2 3 1295  
ZHL-5W-2G+ 800-2000   45 5 6 995  
ZHL-5W-1  5-500 44 8 11 1020  
ZHL-10W-2G 800-2000   43 10 13 1295  

ZHL-16W-43+ 1800-4000     45 13 16 1595  
ZHL-20W-13+ 20-1000 50 13 20 1395  
ZHL-20W-13SW+ 20-1000 50 13 20 1445  
LZY-22+ 0.1-200 43 16 32 1495  
ZHL-30W-262+ 2300-2550     50 20 32 1995  

ZHL-30W-252+ 700-2500   50 25 40 2995  
LZY-2+ 500-1000   47 32 38 2195  
LZY-1+ 20-512  43 37 50 1995  
ZHL-50W-52+ 50-500  50 40 63 1395  

ZHL-100W-52+ 50-500  50 63 79 1995  
ZHL-100W-GAN+ 20-500  42 79 100 2395  
ZHL-100W-13+ 800-1000 50 79 100 2195
ZHL-100W-352+ 3000-3500 50 100 100 3595
ZHL-100W-43+ 3500-4000 50 100 100 3595
LZY-5+ 0.4-5 52.5 100 100 1995  
  

 
Protected under U.S. Patent 7,348,854•

   Listed performance data typical, see minicircuits.com for more details.

•
•

•

•
•

•

NEW

NEW
NEW

ampsAd416revAD.indd   1 7/23/14   4:32 PMMWJMC_416REVAD_0814.indd   175 8/27/14   8:55 AM

http://www.mwjournal-digital.com/mwjournal/september_2014/TrackLink.action?pageName=175&exitLink=http%3A%2F%2Fminicircuits.com
http://www.mwjournal-digital.com/mwjournal/september_2014/TrackLink.action?pageName=175&exitLink=http%3A%2F%2Fwww.minicircuits.com
http://www.mwjournal-digital.com/mwjournal/september_2014/TrackLink.action?pageName=175&exitLink=mailto%3Asales%40minicircuits.com
http://www.mwjournal-digital.com/mwjournal/september_2014/TrackLink.action?pageName=175&exitLink=http%3A%2F%2Fminicircuits.com
http://www.mwjournal-digital.com/mwjournal/september_2014/TrackLink.action?pageName=175&exitLink=http%3A%2F%2Fminicircuits.com
http://www.mwjournal-digital.com/mwjournal/september_2014/TrackLink.action?pageName=175&exitLink=http%3A%2F%2Fwww.minicircuits.com
http://www.mwjournal-digital.com/mwjournal/september_2014/TrackLink.action?pageName=175&exitLink=mailto%3Asales%40minicircuits.com
http://www.mwjournal-digital.com/mwjournal/september_2014/TrackLink.action?pageName=175&exitLink=http%3A%2F%2Fminicircuits.com


ProductFeature

176 	 MICROWAVE JOURNAL n SEPTEMBER 2014

the tip of one probe to the tip of the 
probe on the opposite side. The probe 
array can rotate mechanically 11.5 de-
grees in either direction, thereby in-
creasing the number of measurement 
points by an integer factor (oversam-
pling factor). This feature enables the 
user to perform measurements with 
an unlimited number of sample points 
(see Figure 3).

In spherical near field configura-
tion, StarLab usage is targeted at the 
characterization of electrically small 
antennas and wireless terminals for 
development, pre-qualification or 
pass/fail production purposes. By 
adding a linear positioner to the sys-
tem, StarLab can be converted to a 
compact cylindrical near field mea-
surement range, ideally suited for 
measuring fan-beam antennas that 
concentrate the radiation in primarily 
one plane. The number of near field 
samples in the azimuth plane can be 
adjusted by the rotation of the probe 
array and the sampling along the AUT 
can be adjusted independently ac-
cording to the frequency and dimen-
sion of the AUT.

Measurement of X-Band 
Radar

The StarLab system in cylindri-
cal configuration validated the radia-
tion performance of the Consilium 
Selesmar X-Band radar. These kinds 
of aerials are slotted-waveguide, flare 
based, aerials built to sustain the high 
peak power of a magnetron. The mi-
crowave radiator under test was 9 feet 
long (2.74 meters) and emitted fields 
were vertically polarized, thus the 
waveguide was slotted on the narrow 
edge.

IEC 62388, which defines marine 
navigation radar characteristics, re-
quires that azimuth side lobes of an-
tennas must be under 28 dB between 
± 10° from maximum gain direction 
and under -30 dB elsewhere. The ra-
dar antenna was tested in the 9.3 to 
9.5 GHz frequency range. The mea-
surement of the radiation pattern con-
firmed the compliance of the antenna 
performance with the antenna speci-
fications in terms of side lobe level at 
9340 MHz.

Microwave Vision Group (MVG)  
Kennesaw, Ga. 
(678) 929-5954  
www.microwavevision.com

Fig. 3  Antenna 
measurement configu-
ration and acquisition 
on MVG WaveStudio.

Contact your sales representative for
advertising details and deadlines  

Mobile 
Communications
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Special
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Two big functions.

One tiny footprint.

We’ve combined the perfect 

switch and the perfect 

limiter into one high-power, 

moisture-sealed, SMT unit.  

It operates from your 5 V,  

30 V and -5 V supplies and 

includes a fully integrated DC 

bias network.

•  Frequency range:  
2 to 4 GHz

•  Avg. Tx Power Handling:  
125 W CW

• Voltage Rating: > 500 V

• Insertion Loss: 0.85 dB

• VSWR: 1.6:1

•  Size:  
8 mm x 5 mm x 2.5 mm

It is designed to minimize 

small-signal insertion loss 

and provide excellent Tx 

input return loss under large 

signal conditions. It’s the 

perfect alternative to MMIC 

solutions and comes  

MIL-STD ready.

Visit our website for the 

complete datasheet or 

contact us to discuss your  

L-, S-, or C-band application. 

603-641-3800 

www.aeroflex.com/metelics
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TechBrief

reverse isolation (89 dB typical), 
thereby isolating load reflections. It 
achieves wide dynamic range with a 
typical noise figure of 8.2 dB and IP3 
performance of +55 dBm, and is rated 
for operating temperatures from 0° 
to 50°C. The HPA-272+ high power 
amplifier is offered from stock at a 
very competitive price of $8,995 each 
– approximately one-third the cost of 
competitive products.

 
Mini-Circuits  
Brooklyn, N.Y.  
www.minicircuits.com

700 to 2700 MHz Rack 
Mount 100 W Amplifier

Mini-Circuits has introduced 
the HPA-272+ high power 
rack mount amplifier that is 

capable of amplifying signals up to 
100 W across the operating bandwidth 
of 700 to 2700 MHz. This new model 
delivers 48 dB typical gain with ±1.7 
dB gain flatness across its operating 
frequency range. Its wide bandwidth 
covers popular application bands in-
cluding wireless communications, 
SATCOM and radar in a single instru-
ment, and its high gain performance 
and output power support a variety 
of high power test applications such 
as EMI, reliability testing, RF power 

stress testing, and more.
The amplifier operates on a stan-

dard 110/220V AC line power sup-
ply, making setup quick and easy in 
lab environments. Extensive safety 
features to prevent amplifier damage 
include over-temperature protection 
with automatic shutoff above 85°C 
and the ability to handle short/open 
loads. It comes housed in a rugged, 
3U rack-mountable case with N-Type 
RF connectors, DB-9 connection on 
the front panel, and internal cooling 
fans, which makes it ideal to use in 
test equipment racks.

The HPA-272+ provides high 
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ity and intermatability. ColorConnect 
makes it a simple matter to avoid and 
eliminate damaged equipment, de-
graded equipment reliability, degraded 
performance and lengthy maintenance 
times due to improper mating (and at-
tempted mating) of incompatible in-
terconnects.

Stability cable assemblies are also 
available up to 26.5 GHz with 3.5 mm 
connectors, up to 40 GHz with 2.92 
mm connectors, and can be ordered 
in swept-90° and TVAC confi gura-
tions. Standard lengths are available 
in-stock for next-day delivery at www.
maurymw.com/store.

Maury Microwave
Ontario, Calif. 
(909) 987-4715 
www.maurymw.com

High Performance
RF/Microwave
Cable Assemblies

Maury Microwave’s Stability™ 
series RF and microwave 
cable assemblies are now 

available up to 50 GHz with 2.4 mm 
precision connectors. Stability assem-
blies have been specifi cally designed 
for phase-stable and amplitude-stable 
applications, such as measurements 
with VNAs, and have a typical phase 
stability with fl exure of ±6 degrees at 
50 GHz, and a typical amplitude stabil-
ity with fl exure of ±0.05 dB at 50 GHz. 
Excellent electrical properties, includ-
ing a typical VSWR of 1.3:1 at 50 GHz, 
insertion loss of 1.52 dB/ft at 50 GHz 
and shielding effectiveness of over 90 
dB, make Stability assemblies ideal for 
a wide range of daily-use applications 
including interconnections between 
instruments and test devices, bench 
top and wafer-level characterization, 
and production test. With a fl ex life 

cycle of over 20,000 and a crush resis-
tance of over 254 lb/inch (44 kN/m), 
Stability assemblies offer a ruggedized 
and durable construction with a longer 
lifespan and lower cost-of-test. Stabil-
ity assemblies have been designed for 
high-density applications, such as PXI 
systems and high-density switches, and 
have an outer diameter of 0.244 inches 
(6.20 mm), a static bend radius of 1 inch 
(25.4 mm) and nominal weight of 1.02 
oz/ft (95 g/m). Stability assemblies oper-
ate between -67° and +257°F (-55° to 
+125°C), are fi re resistant, abrasion re-
sistant and RoHS/REACH compliant. 

Stability cable assemblies are part of 
the ColorConnect™ family. Following 
the proposed IEEE high frequency 
connector/adapter color convention, 
Stability cable assemblies are the fi rst 
commercially available assemblies to 
offer clear indications of compatibil-
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In celebration of the ITC 50th Anniversary, the theme for 2014 is “50 Years of Advancing
the Art of Telemetry”, designed to focus on identifying and discussing the past, present,
and future of telemetry. 

> 3 ½-day program with robust Technical Program, which includes 13 Short Courses,
and 24 Technical Sessions

> Opening Session Speaker: Dr. C. David Brown, Deputy Assistant Secretary of
Defense, DT&E Director, TRMC

> Historical Luncheon highlighting the events of the last 50 years involving
telemetry technology, instrumentation, education, and manufacturing.
Historical museum with telemetry equipment of the past on display.

> Conference Luncheon Speaker: Dr. Todd Coleman, Associate
Professor, Department of Bioengineering at UCSD will provide
an interesting presentation on his research on wireless tattoo
technology and its ability to transmit vital medical data.

> Exhibits from over 100 of the industry’s traditional and 
newest suppliers

October 20-23, 2014 | Town and Countr y Resor t & Convent ion Center | San Diego, CA

Scan QR code to
download the ITC

mobile app for
conference info

and program
schedules:
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506 rev E

NF as low as 0.5 dB • IP3 up to 43 dBm • DC current 20 mA and up                   
$149

from ea. (  qty. 20 )

Pick your parameters, and meet your needs at Mini-Circuits!  
With over 20 low noise/high linearity amplifier models to 
choose from, you’ll likely find the output power, gain, DC 
current, and broad bandwidths required to upgrade almost any 
3-to-5V circuit—from cellular, ISM, and PMR to wireless LANs, 
military communications, instrumentation, satellite links, and 
P2P—and all at prices that preserve your bottom line! 

Our catalog models are in stock and ready to ship, so why 
wait? Go to minicircuits.com for all the details, from data sheets, 
performance curves, and S-parameters to material declarations, 
technical notes, and small-quantity reels—as few as 20 pieces, 
with full leaders and trailers. Place an order today, and see what 
these tiny, high-performance amplifiers can do for your 
application, as soon as tomorrow! RoHS complianto S

C O M P L I A N T

High Linearity 
     LNAs 

PSA PMA PGA

Model Freq. Gain NF IP3 Pout  Current Price $
 (MHz) (dB) (dB) (dBm) (dBm) (mA) (qty. 20)

PMA2-162LN+ 700-1600 22.7 0.5 30 20 55 2.87
PMA-5452+ 50-6000 14.0 0.7 34 18 40 1.49

PSA4-5043+ 50-4000 18.4 0.75 34 19 33 (3V) 2.50
      58 (5V)
PMA-5455+ 50-6000 14.0 0.8 33 19 40 1.49
PMA-5451+ 50-6000 13.7 0.8 31 17 30 1.49

PMA2-252LN+ 1500-2500   15-19 0.8 30 18 25-55 (3V) 2.87
      37-80 (4V )
PMA-545G3+ 700-1000 31.3 0.9 33 22 158 4.95
PMA-5454+ 50-6000 13.5 0.9 28 15 20 1.49

Model Freq. Gain NF IP3 Pout  Current Price $
 (MHz) (dB) (dB) (dBm) (dBm)  (mA) (qty. 20)
  
PGA-103+ 50-4000 11.0 0.9 43 22 60 (3V)       1.99
      97 (5V)
PMA-5453+ 50-6000 14.3 0.7 37 20 60 1.49
PSA-5453+ 50-4000 14.7 1.0 37 19 60 1.49

PMA-5456+ 50-6000 14.4 0.8 36 22 60 1.49
PMA-545+ 50-6000 14.2 0.8 36 20 80 1.49
PSA-545+ 50-4000 14.9 1.0 36 20 80 1.49
PMA-545G1+ 400-2200 31.3 1.0 34 22 158 4.95

PMA-545G2+ 1100-1600 30.4 1.0 34 22 158 4.95
PSA-5455+ 50-4000 14.4 1.0 32 19 40 1.49

Mini-Circuits®

www.minicircuits.com    P.O. Box 350166, Brooklyn, NY 11235-0003   (718) 934-4500   sales@minicircuits.com
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At 6 GHz, the phase noise is -86 
dBc/Hz at 10 Hz offset, -126 dBc/Hz 
at 10 kHz offset and -138 dBc/Hz at 
10 MHz offset. Phase noise at 1 GHz 
is -144 dBc/Hz at 10 kHz offset. Har-
monics are well below -40 dBc and all 
spurious artifacts are less than -87 dBc.

Holzworth RF Synthesis prod-
ucts come with a three-year warranty 
against manufacturing defects and of-
fer industry leading spectral purity. 

 
Holzworth Instrumentation 
Boulder, Colo. 
(303) 325-3473  
www.holzworth.com

High Spectral  
Purity Synthesizer

T he HSX Series was developed 
to be one of the cleanest CW 
sources available. Phase noise 

performance, spurious rejection and 
harmonic/sub-harmonic rejection were 
the primary focal points during the de-
velopment cycle. The result is a high 
performing, broadband CW source.

The HSX Series was initially re-
leased as a 10 MHz to 6 GHz CW 
source with subsequent models op-
erating to 10 and 20 GHz. This series 
of broadband frequency sources ex-
hibit industry leading phase noise and 
spectral purity performance coupled 
with a highly accurate dynamic range 
of +18 to -110 dBm. The 1U high 

form factor will be available in 1, 2, 3 
or 4 channel models; all providing the 
ultimate in frequency accuracy, chan-
nel-to-channel stability and phase co-
herent channels. The 10 and 20 GHz 
models are anticipated by early 2015.

Phase noise is a critical performance 
parameter for high speed communica-
tions systems, subsystems, components 
and chipsets. The phase noise perfor-
mance of the HSX Series is derived 
from years of development of propri-
etary techniques that optimize both 
close-in phase noise (long term sta-
bility) and far-from-the carrier phase 
noise (instantaneous stability), while 
maintaining true phase coherency.
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vice has the capability to perform a 
multitude of tasks from the ground 
level, and troubleshoot links without 
interrupting site traffic.

A standard kit includes the spec-
trum analyzer, an RF cable and a 
waveguide adapter. The waveguide 
adapter itself can be used as a low gain 
antenna. Just by pointing it towards 
the transmitting radio, the Spectrum 
Compact will detect and visualize the 
incoming signal. The instrument is 
compatible with any manufacturer’s 
antenna and SAF also provides a set of 
handheld horn antennas for use with 
Spectrum Compact as an additional 
interference detection accessory in 
case a parabolic antenna is not avail-
able onsite.

SAF Tehnika JSC  
Riga, Latvia  
www.saftehnika.com

Handheld Microwave 
Spectrum Analyzer

S pectrum Compact is a light 
and easy to use measurement 
solution for the 6 to 40 GHz li-

censed microwave frequency bands. 
Designed specifically for comfortable 
outdoor use in a variety of challenging 
environments, this battery-powered 
device has been developed for mi-
crowave radio engineers performing 
equipment installation, link trouble-
shooting, site maintenance or gather-
ing data for site planning purposes.

One of the most prominent fea-
tures of the SAF Spectrum Compact 
is its form factor. The dimensions of 
the device are close to those of a cell 
phone, making it one of the smallest 

and lightest spectrum analyzers cur-
rently available.

Instead of focusing on features 
that would only be useful in a labora-
tory environment, this device has the 
qualities and functionality frequently 
requested by microwave field engi-
neers to efficiently perform their daily 
tasks – radio parameter verification, 
antenna alignment, interference and 
multipath detection, power in band 
measurements and link troubleshoot-
ing, while saving the spectrum curves 
for reports and further analysis.

The unit utilizes a resistive touch 
screen for ease of use in the field, 
while still allowing the engineer to 
wear gloves to manipulate the device. 
Spectrum Compact’s high sensitivity 
(-105 dBm) and low noise floor en-
ables field engineers to detect even 
exceptionally week signals. The de-

TechBriefs
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Technical Education Training Series
• Switching Solution Webcast
•  Addressing Design and Test Challenges for the New LTE-

Advanced Standard
•  Simulating Dynamic Load Modulated Amplifi ers: An Alterna-

tive Solution to Maintaining Effi ciency over a Power Range
•  Unleashing 5G mm-waves: A Test & Measurement Perspective
•  A Guide to the Design of Laminate PCBs at Microwave 

Frequencies
• Overview of FEKO Suite 7.0
• Practical Antenna Design for Advanced Wireless Products
•  Antenna Measurements in Under 1 Second Using Very-Near-

Field Technology
•  PCB Material Selection for RF/Microwave/Millimeter-wave Design
• The Design of a 100 W, X-Band GaN PA Module
•  Learn How to Select the Right RF Product Solution to Improve 

Overall Radar Performance

RF/Microwave Training Series
Presented by: Besser Associates
• Mixers and Frequency Conversion

CST Webinar Series 
•  New Features for MW, RF and Optical Simulation in CST 

STUDIO SUITE 2014

Innovations in EDA/Signal Generation & Analysis Series
Presented by: Keysight Technologies
•  Designing Custom Filters using Direct Synthesis and Network 

Transforms
•  ADS 2014: New Technologies, New Capabilities & Impressive 

Productivity Improvements
• Non-Standard Connection Characterization with ATE Systems

Keysight in Aerospace/Defense Series
• Effectively Maintain Mission Critical Communication Systems

Keysight in LTE/Wireless Communications Series
• A Day in the Life of Your Cell Phone
• IEEE 802.11ad (WiGig) PHY and Measurement Challenges
• E-Band Wireless Backhaul: System Design and Test Challenges

FieldFox Handheld Analyzers Series
Presented by: Keysight Technologies
•  Techniques for Precise Cable and Antenna Measurements in 

the Field

RF and Microwave Education Series
Presented by: Keysight Technologies
•  Techniques for Analyzing Millimeter Wave Signal Using 

Harmonic Mixing
• EMC Back to Basics

Presented by:

Past Webinars On Demand

September Short Course Webinars
Innovations in EDA
DynaFET: Advanced Model for GaN/GaAs HEMTs from 
NVNA Measurements and ANNs
Presented by: Keysight Technologies
Live webcast: 9/4/14

Technical Education Training
Accelerating Custom Test Solutions
Presented by: Mini-Circuits
Live webcast: 9/9/14

RF/Microwave Training
RF Components for Aerospace/Defense
Sponsored by: National Instruments, formerly AWR
Live webcast: 9/10/14

Technical Education Training
Peregrine’s UltraCMOS® Technology: Delivering 
Intelligent Integration
Presented by: Peregrine Semiconductor
Live webcast: 9/16/14

Register to attend at mwjournal.com/webinars

Technical Education Training
Practical Simulation and Design of Broadband GaN RF Power 
Amplifi ers – How Close are We to Right First Time Now?
Sponsored by: Cree and National Instruments, formerly AWR
Live webcast: 9/17/14

FieldFox Handheld Analyzers
Precision Validation, Maintenance and Repair of 
Satellite Earth Stations
Sponsored by: Keysight Technologies and Microlease Inc.
Live webcast: 9/18/14

Technical Education Training
Simulations of Gyrotrons with VSim
Presented by: Tech-X
Live webcast: 9/24/14

CST Webinar Series
Multiphysics Simulation for Medical Applications
Live webcast: 9/25/14
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Website Revamp
ARC Technologies’ website re-
vamp greatly improves key fea-
tures of their web presence. ARC 
offers a complete range of stan-
dard and custom absorbers, from 
50 MHz to 110 GHz for diverse 
RF and EMI problems. The com-
pany’s refined product finder will 
make all available product infor-
mation and data sheets more accessible. New products and services of-
fered will be highlighted, including new R&D testing capabilities, plus 
daily updates and discussions about ARC news.
ARC Technologies Inc. 
www.arc-tech.com

Epoxy Pastes and Films
The Bonding Source website is 
the RF/microwave engineer’s go-
to site for quick and easy access 
to information on various epoxy 
pastes and films.  The site has brief 
application descriptions, informa-
tion on cure and storage times, 
and quick links to the datasheets 
for all epoxies. Comprehensive in-
formation on epoxy film pre-forms, bonding wire and ribbon and bonding 
tools is also included. All products are in stock, and ready to ship with no 
minimum charges. 
Bonding Source
www.bondingsource.com

What’ll We Think of 
Next? 

Anaren Inc. is a Syracuse-based, 
global leader in RF and micro-
wave technology used in wireless 
infrastructure, satellite, defense 
and consumer-electronics ap-
plications. The company has ap-
proximately 1,000 employees and five state-of-the-art facilities worldwide. 
Product lines include: standard passive components (couplers, power di-
viders, baluns, resistors, attenuators, terminations); RF multichip mod-
ules, high-reliability softboard and ceramic PCBs and complex assemblies 
(switching, beamformers, antenna feed networks, DRFMs, IMAs). Visit 
Anaren’s website for datasheets, app notes, user guides and video library.
Anaren Inc.
www.anaren.com

A New Look 

AR has made numerous changes 
to enhance both their corporate 
and RF/Microwave Instrumen-
tation websites by giving them 
a more modern look and feel, 
offering easier navigation and 
providing more comprehensive 
information. The menu system 
and flash spotlights have been 
redesigned to work with various 
touch screen tablets and mobile 
devices. Enhanced streamlining 
of code makes the menus much 
more search engine friendly and easier to read. Check out the corporate 
website at www.arworld.us or the AR RF/Microwave Instrumentation 
website at: www.arww-rfmicro.com.
AR RF/Microwave Instrumentation
www.arworld.us

Electrical Showcase
The electrical showcase recently 
added to COMSOL’s website fea-
tures technical content about how 
electrical systems, devices and 
components can be effectively 
modeled using COMSOL Multi-
physics® and its add-on products. 
Through a series of how-to videos, user case studies, white papers and 
example models, the showcase explores how a design idea can most ac-
curately be represented and tested using Multiphysics simulation. Read 
first-hand accounts from world-renowned companies detailing how Mul-
tiphysics modeling has helped improve electrical device design, shortened 
time to market and allowed innovative concepts to be quickly explored. 
Visit www.comsol.com/showcase/electrical. 
COMSOL Inc.
www.comsol.com

184 	 MICROWAVE JOURNAL  SEPTEMBER 2014

WebUpdate

New Product Release 
Feature
Comtech PST, an industry leader 
in wideband solid state high power 
amplifiers solutions, has added a 
new ‘product release’ feature to 
their home page. Visitors to the 
site can quickly learn of Comtech’s 
latest new product release and 
request more information. There 
is also a link to all previous prod-
uct releases via the news page drop-down menu. A Comtech e-blast will 
be announced shortly. Send a request to e-blast@comtechpst.com to be 
added to the company’s mailing list. 
Comtech PST Corp.
www.comtechpst.com 
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A Complete Makeover
Living in the information age, it 
is more important than ever for a 
business to have a well-designed 
website. That is why CTS’ website 
is getting a complete makeover. 
Their new site will have an appeal-
ing unique design while keeping it simple, clean and user-friendly. The 
site will be offered in English, simplifi ed Chinese, Japanese and German. 
It will also be tablet and mobile friendly. CTS’ new website is coming soon 
- make sure you go and check it out!
CTS Corp.
www.ctscorp.com 

Comprehensive Display
MITEQ Inc. has developed a web-
site that features one of the most 
comprehensive displays of stan-
dard and custom capabilities in the 
industry. The site now includes a 
web store where customers can 
order components from stock via a 
major credit card. It also includes 
a company profi le, listing of career 
opportunities, representatives and 
custom engineering contacts. Cus-
tomers can also check out product 
specifi cations, outline drawings, 
test data, manufacturing fl ow dia-
grams and an assortment of tech-
nical application notes.
MITEQ Inc.
www.miteq.com

WebUpdate
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Temperature Control 
Systems
A redesigned website with tem-
perature test and conditioning 
content for design and manu-
facturing engineers has been 
introduced by inTEST Thermal 
Solutions. The new site delivers 
information about temperature 
controlled environments includ-
ing thermal chambers, temperature plates and mobile air forcing systems 
for both commercial and MIL-STD applications. Users are presented 
with confi gurations, applications and the company’s resource center to 
download information. The website is also responsive to mobile devices, 
enabling easy viewing information on any device. 
inTEST Thermal Solutions (iTS)
intestthermal.com

Call Us: +1 (888) 553-7531
Visit Today: micro.apitech.com

• Ranging in size from 0.020 
   x 0.020” to 0.050 x 0.100”

• Single-tap, multi-tap, 
  and center-tap resistors

• In-house, state-of-the-art 
  thin film processing line

We are exhibiting at the Electronica in Munich from
11th to 14th November 2014 in hall B5, booth 519

See us at EuMW Stand 177
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New Product Offerings
Pivotone Communication Tech-
nologies has updated its website 
to include some newly developed 
product offerings. One product 
is their indoor broadband qua-
druplexer which combines 700, 
850, PCS and AWS. Designed for 
high power DAS or POI systems, 
LTE can be added to existing sites 
while providing a low insertion 
loss and a high degree of isolation 
(minimum 50 dB) between systems. PIM is guaranteed to be lower than 
-153 dBc. Check it out at www.pivotone.com/_d276783884.htm. 
Pivotone Communication Technologies Inc.
www.pivotone.com

WebUpdate

Expanded Features
RLC Electronics Inc. has expand-
ed the ‘new products’ feature on 
their website, adding press re-
leases, photos, electrical informa-
tion and outline drawings where 
available. Some of the company’s 
latest releases include Ka-Band 
cavity filters, high frequency notch 
filters, miniature SP2T switches 
with MS connectors, phase trim-
mers and integrated assemblies such as switched filters. RLC will contin-
ue to publish new products in this section moving forward on a monthly 
basis. 
RLC Electronics Inc.
www.rlcelectronics.com

Simple Cable Assembly 
Builder 

San-tron’s new website features a 
robust product finder, which pulls 
from San-tron’s extensive library 
of RF and microwave coaxial con-
nectors and adapters, as well as 
a simple, user-friendly cable as-
sembly builder. Both tools feed 
into their new ‘my quote’ system, 
which allows multiple products to 
be added at once. Using San-tron’s cable builder subsystem, engineers 
can select their desired flexible, hand formable or semi-rigid cable type, 
add the RF coaxial connectors of their choice and specify unique perfor-
mance needs such as low loss, low PIM, pressurized or other high per-
formance traits. 
San-tron Inc.
www.santron.com

Optimized for Mobile 
Devices
Looking for 3D Planar EM infor-
mation on the go? Sonnet Soft-
ware’s website is now optimized 
for mobile viewing. Do your re-
search or watch training videos 
from your smart phone or tablet 
device with the intuitive new web 
design. Browse the product pages 
to find out more information on 
the Sonnet Suites and Sonnet’s 
new Blink package, learn how to 
download Sonnet Lite for your 
PC, or check out the company’s 
training class schedule with ease, all from your mobile devices.
Sonnet Software Inc.
www.sonnetsoftware.com
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Streamlined Navigation 

Pickering Interfaces’ newly rede-
signed website, www.pickeringtest.com,  
offers detailed information on 
their vast array of PXI, LXI, PCI 
and GPIB switching and instru-
mentation products for use in 
electronic test. The new site is 
equipped with streamlined navi-
gation, allowing users to quickly 
reference product information and easily download product datasheets, 
manuals and other product literature. Also new to the site is a ‘request 
a quote’ function and the ability for users to register to receive product 
updates and news.
Pickering Interfaces Ltd.
www.pickeringtest.com 

A New Web Experience 

The new ni.com has gone live 
in 50 countries. Users will im-
mediately notice the website’s 
redesigned look and feel, but the 
real scope of these changes goes 
far beyond a cosmetic facelift. NI 
has incorporated client feedback 
about navigability and organiza-
tion to provide a more intuitive, user-friendly experience. They have also 
moved some content around, renamed a few categories and added quick 
access pull-down menus from the main global navigation bar. Take some 
time to look around the new ni.com and familiarize yourself with the 
updated features.
National Instruments Corp.
www.ni.com 
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Attention SATCOM 
Users
Tango Wave, a global provider of 
SATCOM power amplifier prod-
ucts, manufacturers high-power, 
high-linearity ODU TWTAs and 
subsystems designed for DTH, 
DSNG/SNG, broadcasting, voice/
data, mobile up-linking and mari-
time applications. Tango Wave’s 
new website is designed for ease 
of use in learning about the company’s wide range of products and ser-
vices for commercial, military and government users of SATCOM. Ampli-
fier products cover Ku, DBS and Ka-Band frequencies with power levels 
up to 1250 W; including options for redundancy, power combining and 
block up-converters. 
Tango Wave
www.tango-wave.com

Enhanced Search Tools
Check in often at TMS for current 
in-depth details about the com-
pany’s advanced microwave inno-
vations for demanding aerospace, 
military, commercial and industrial 
applications. TMS has streamlined 
their website navigation, expanded 
product and services information, 
and added new features such as enhanced search tools to make your user 
experience easy and efficient. 
Teledyne Microwave Solutions (TMS) 
www.teledynemicrowave.com

WebUpdate
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RF and Microwave 
Filters 
TTE Filters designs and manu-
factures custom passive filters 
with frequencies from 0.1 Hz to 
40 GHz. All products are made in 
the U.S. and most are delivered 
within two weeks. Expedited lead 
times of 3 to 5 days available on 
certain products. TTE’s recently 
revamped website offers quick navigation to filter designs, data, graphs, 
case selection guides and other helpful information. Their designs include 
bandpass, band rejection, lowpass, highpass and high power lowpass. In-
formation on diplexers/multiplexers is also provided. A new capabilities 
section addresses custom design options in terms of frequencies and to-
pologies which include Bessel, Butterworth, Chebyshev, Elliptical Func-
tion and Gaussian. Try their new online speed quote.
TTE Filters
www.tte.com
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Techniques for Precision 
Validation of Radar System
 Performance in the Field

Thermal Measurement 
Methodology of  RF 
Power Ampli� ers

Calculating a Calibration Factor

Modern Architecture Advances 
Vector Network Analyzer 
Performance
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WebUpdate

Oscillators & Timing 
Solutions 

Vectron International is a design-
er and manufacturer of precision 
oscillators and timing solutions 
for communication, industrial, 
military and space applications. Vectron combines its expertise in bulk 
acoustic wave (BAW), surface acoustic wave (SAW), mixed signal tech-
nology, packaging, sensors and product integration to field best in-class 
solutions that help customers achieve differentiation in the markets they 
serve. Headquartered in Hudson, N.H., Vectron has operating facilities 
and sales offices in North America, Europe and Asia.  
Vectron International
www.vectron.com

Crystal Oscillator 
Products 
Visit Wenzel’s new website and 
learn why world-class perfor-
mance and innovative design 
characterize them as the leader 
in low phase noise crystal oscilla-
tors, synthesizers and frequency 
related modules. Their new site 
was designed with a fresh, new 
look, user-friendly navigation and 
has been updated with the latest 
information on all things Wenzel. 
Since 1978, the company has defined state-of-the-art in ultra-low phase 
noise while providing system manufacturers with the highest quality, cost 
effective frequency components and instruments.  
Wenzel Associates Inc.
www.wenzel.com 

High Power RF 
Components
Werlatone.com now offers a fully 
interactive website that features 
a detailed product search func-
tion and NEW landing pages 
highlighting their custom designs 
and high power absorptive filters. 
Customers now have the ability 
to send in their specs for customization of RF directional couplers, RF 
combiner/divider and absorptive filters. The company’s new products 
page also highlights several new designs that are decades ahead of the 
competition. A complete collection of product datasheets and audiovisual 
presentations are also available. 
Wertalone Inc.
www.wertalone.com
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 EuMW Product Showcase Aisle 100

Keysight Technologies Booth 100
Waveform Generator

M8195A arbitrary waveform generator pro-
vides highest combination of speed, band-
width and channel density. Keysight’s 
M8195A arbitrary waveform generator 
(AWG) provides up to 65 GSa/s, 20 GHz 
bandwidth and up to 4 channels in a one-slot 
AXIe module—simultaneously. As devices 
and interfaces become faster and more com-
plex, the M8195A AWG gives you the versa-
tility to create the signals you need for digital 
applications, optical and electrical communi-
cation, advanced research, wideband radar 
and satellite communications.  Go where you 
have never been able to test before: in speed, 
in bandwidth and in channel density—ex-
plore your possibilities.
www.keysight.com/fi nd/M8195A

Signal Analyzer
The Keysight M9290A CXA-m PXIe signal 
analyzer is the industry’s fi rst signal analyzer 

to provide swept and 
FFT capabilities in 
the PXI form factor. 
It delivers fully-spec-
ifi ed performance up 
to 26.5 GHz and pro-
vides best-in-class 
specifi cations in key 

areas. It lets you handle RF and microwave 
signals in four slots, and you can leverage your 
existing code. By utilizing the same measure-
ment science and calibration used in Keysight 
X-Series signal analyzers, the CXA-m elimi-
nates the tradeoffs between footprint and 
precision in signal analysis.
www.keysight.com/fi nd/cxa-m

Vector Network Analyzers

Keysight Technologies’ new, full two-port 
26.5 GHz vector network analyzers fi t in just 
one PXI slot. The Keysight M9370A series of 
one-slot PXI vector network analyzers (300 
kHz up to 26.5 GHz) offers the best PXI VNA 
performance on key specifi cations such as 
speed, trace noise, stability and dynamic 
range. This enables the PXI VNAs to perform 
fast, accurate measurements and reduce the 
cost-of-test by enabling simultaneous charac-
terization of many devices – two-port or 
multi-port – using a single PXI chassis.

www.keysight.com/fi nd/pxivna

Maury Microwave  Booth 101A
Measurement and Modeling Device 
Characterization Solutions

Exceptional companies have superior labs - 
complete your lab with Maury Microwave. 
Maury, a leader in measurement and modeling 
device characterization solutions, VNA calibra-
tion accessories and interconnections, will be 
showcasing active and hybrid-active harmonic 
load pull solutions, LXI™-certifi ed mechanical 
impedance tuners, pulsed IV/RF compact tran-
sistor modeling as well as coaxial and waveguide 
VNA calibration kits and metrology adapters, 
in-stock color-coded precision and daily-use 
adapters, and test-port, phase-stable and value 
cable assemblies. Visit us for details, demos, 
deals and NPIs.
www.maurymw.com

and a ready-built 3D 
parts library, as well as 
user-confi gurable 3D 
PCells for custom parts 
creation. Additionally, 
the V11.01 update of 
the NI AWR Design 

Environment reduced Analyst simulation times by 
as much as 70 percent over the previous version.

www.awrcorp.com

Anritsu  Booth 107
Broadband VNA System

The VectorStar 
ME7838D broadband 
VNA system introduc-
es a new standard in 
broadband perfor-
mance for customers 
needing to characterize 

on-wafer active and passive devices beyond 110 
GHz. The new ME7838D broadband system ex-
tends the frequency range of the ME7838 Series to 
provide a single sweep from 70 kHz to 145 GHz 
through a coaxial test port. The VectorStar 
ME7838D system provides fi rst-to-market innova-
tion with the ability to analyze the broadband char-
acteristics of W-Band devices beyond 110 GHz.

www.anritsu.com

United Monolithic Semiconductors 
(UMS)  Booth 108B
GaN 15 W L-Band Transistor
The CHZ015A-QEG is a GaN 15 W L-Band 
(1.2 to 1.4 GHz) input matched packaged tran-
sistor. It is an internally-matched Quasi-MMIC 

device supplied in a 
low cost SMD plastic 
package. The circuit 
operates in pulsed 
mode and features an 
output power of 18 W 

with more than 13 dB associated gain and a high 
PAE, up to 55%. It allows broadband solutions 
for a variety of RF power applications in L-
Band. The CHZ015A-QEG is manufactured on 
a 0.5 µm gate length GaN HEMT process.
www.ums-gaas.com

CST  Booth 109
CST STUDIO SUITE 2015

CST will be giving the fi rst 
preview of CST STUDIO 
SUITE 2015, the newest 
version of its fl agship 
product at EuMW, booth 
109. CST STUDIO 
SUITE is a package of 
high-performance soft-
ware for the simulation of 

electromagnetic fi elds in all frequency bands, 
and includes tools for the design, simulation 
and optimization of a wide range of devices. 
CST also has a full booth presentation program, 
with demonstrations to show how CST STU-
DIO SUITE can be applied to numerous high-
frequency EM applications.

www.CST.com

www.maurymw.com

Rohde & Schwarz  Booth 102
R&S ZNBT VNA

Rohde & Schwarz 
has added the R&S 
ZNBT to its multi-
port network analysis 
solutions. Depend-
ing on application 

requirements, the analyzer can be equipped 
with up to 24 test ports, thus being capable of 
determining all 576 S-parameters of a 24-port 
DUT at 201 frequency points in less than 260 
ms. Covering the frequency range from 9 
kHz to 8.5 GHz, the instrument offers the 
high RF performance of a two-port network 
analyzer at each of its test ports.
www.rohde-schwarz.com/product/znbt

Compact System for 
Fast RF Component Tests

Rohde & Schwarz 
has developed two 
new instruments: the 
R&S SGT100A is the 
smallest and fastest 

vector signal generator up to 6 GHz; the com-
pact R&S FPS signal and spectrum analyzer, 
available for frequency ranges up to 4, 7, 13, 
30 and 40 GHz, offers measurement applica-
tions for all key mobile and wireless stan-
dards. Together they can be used as a mini 
system for T&M applications requiring fast 
interaction between a signal generator and 
signal analyzer.

www.rohde-schwarz.com/ad/production-tests

The following booth numbers are complete as of August 20, 2014.

National Instruments/
AWR  Booth 103B
V11.01 Update
NI AWR Design Environment™ V11 intro-
duced within its Analyst 3D FEM EM simula-
tor new antenna measurement capabilities 
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       RoHS compliant
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Customers trust Mini-Circuits BW-family precision fixed attenuators for accuracy, reliability, and  
repeatability. Now, we’ve expanded your choices by adding the BW-K-series, covering DC – 40 GHz!  
These new, ultra-wideband models provide attenuation levels from 3 to 20 dB, 2W power handling,  
and 2.9mm connectors. Our full “BW” precision attenuator family now includes 70 models with  
accurate attenuation ranging from 1 to 50 dB and power handling from 2 up to 100W to meet  
your requirements with performance you can count on.

Visit minicircuits.com for free data, curves, quantity pricing, designer kits, and everything  
you  need to find the right BW attenuator for your needs.  All models are available off-the-shelf  
for delivery as soon as tomorrow!

518 rev C

Mini-Circuits®

www.minicircuits.com    P.O. Box 350166, Brooklyn, NY 11235-0003   (718) 934-4500   sales@minicircuits.com
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Krytar 	 Booth 119
Directional Coupler

The new directional 
coupler operates from 
12.4 to 18 GHz and of-
fers solutions for EW, 
commercial wireless, 
SATCOM, radar, signal 

monitoring and measurement, antenna beam 
forming and EMC testing. Model 181230 offers 
superior performance and delivers 30 dB (±1.0 
dB) of nominal coupling and frequency sensitiv-
ity of ±0.7 dB. Directivity is >15 dB with inser-
tion loss of <0.6 dB across the full frequency 
range including coupled power. Maximum 
VSWR is 1.35, input power rating is 20 W aver-
age and 3 KW peak.
www.krytar.com

Marki Microwave Inc. 	 Booth 119
High Linearity T3 Mixers

The ultra-high lineari-
ty, broadband T3 mix-
ers are now offered 
with complete fre-
quency overlap on all 
three ports up to 18 

GHz. The T3H-18 and T3H-20 feature RF/LO 
coverage of .01 to 18/20 GHz, with matching IF 
coverage of .01 to 18 GHz. These triple bal-
anced mixers allow virtually any frequency plan 
from VHF-Ku in a single unit. With excellent  
spurious and two tone suppression plus low 
conversion loss, these arbitrary frequency con-
versions can be completed cleanly with wide 
dynamic range.
www.markimicrowave.com

Norden Millimeter 	 Booth 119
Down Converter

Norden’s 10.7 to 12.75 
GHz down converter 
has an IF Band 1 fre-
quency of 950 to 1950 
MHz and IF Band 2 
frequency of 950 to 
2000 MHz. The LO 

Band 1 frequency is 975 MHz and LO Band 2 
frequency is 1075 MHz with an external refer-
ence frequency of 10 MHz. It has a noise figure 
of 0.9 dB maximum and P1dB compression 
point of 13 dBm. Gain is 60 to 70 dB with a flat-
ness of ±2 dB over the full bandwidth.
www.nordengroup.com

OML Inc. 	 Booth 119
IMD Measurements
OML introduced the industry’s first direct con-
nect solution for mm-wave Intermodulation Dis-
tortion (IMD) measurements. Fitted to charac-
terize mm-wave devices for S-parameters and 

gain compression, IMD 
is an industry standard 
technique revealing the 
linearity of an amplifier 
using a two-tone mea-
surement. Compatible 

with modern network analyzers such as Keysight, 
Anritsu and R&S, OML offers mechanical com-
patibility with existing probe stations, including 
the flexibility to upgrade existing VNA modules 
with IMD capabilities.
www.omlinc.com

Mician’s µWave Wizard is an EM software tool 
for the design and optimization of waveguide 
components, horn antennas, parabol, hyperbol 
and ellipsoid antennas, and feed networks. The 
software combines the flexibility of 2D/3D 
FEM with the speed and accuracy of traditional 
Mode Matching techniques. In addition to its 
fast and powerful numerical methods, µWave 
Wizard offers an appealing and ergonomic GUI 
that enables flexibility and openness including 
CAD export formats interfacing with most me-
chanical design tools.
www.mician.com

Mician GmbH 	 Booth 118
µWave Wizard

Connecting Global Competence

26th International Trade Fair for 
Electronic Components, Systems 
and Applications
Messe München
November 11–14, 2014
www.electronica.de

Tickets & Registration
www.electronica.de/en/tickets

Welcome to Planet e.
The entire universe of electronics at a single location!

years
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from 4 to 75 W. Fea-
tures include high gain 
to reduce the number 
of stages, energy effi -
ciency improvements 
that reduce heat sink 
form factors and ex-
ceptional ruggedness 

(> 65:1 VSWR) for continuous reliable opera-
tion in extreme environments. Characterized at 
frequencies from 136 to 941 MHz, it can oper-
ate as low as 2 MHz and is housed in the cost-
effective SOT-89.
www.freescale.com

providing the customer signifi cant assembly 
and ease-of-use advantages compared to ceram-
ic packaged fl ange-mount components.

www.macom.com

Freescale  Booth 139
4 W RF Power Device
The AFT05MS004N is a 4 W RF power device 
for handheld and mobile radio applications. 
Freescale’s Airfast RF power solutions portfolio 
now supports mobile radio power levels 

Dow-Key Microwave  Booth 122
High Power & Lightweight T-Switch

Dow-Key Microwave 
presents it high power 
T-switch 511H-series, 
which has been quali-
fi ed and supplied to 
various domestic and 
international space 
programs, for both mil-

itary and commercial use. Today’s design is of-
fered with 1.5 kW peak power at UHF-Band, 
300 W peak power both at L-Band and S-Band, 
and 200 W peak power at C-Band. In addition 
to its superior RF performance and lightweight 
design, the 511H-series minimizes the switch-
ing time by using random access drive and it is 
available in various mounting confi gurations.

www.dowkey.com

AR RF/Microwave
Instrumentation  Booth 126
50 W, 1 to 6 GHz Amplifi er
Model 50S1G6AB is a solid-state; 50 W Class AB 
amplifi er design that instantaneously covers 1 

to 6 GHz in one unit . 
When used with a 
sweep generator, the 
50S1G6AB will provide 
50 W typical of RF 
power in approximately 

half the size of a traditional Class A design at a 
more economical price.

www.arworld.us/html/18200.asp?id=1232

Rogers Corp.  Booth 128
Thermally & Electrically Conductive 
Adhesive (TECA) Films

Let Rogers be your 
source for reliable con-
ductive adhesive fi lms. 
Get the heat out of 
those high-power 
PCBs. COOLSPAN® 

Thermally & Electrically Conductive Adhesive 
(TECA) Films are ideal for dissipating heat in high-
frequency circuits. COOLSPAN adhesives feature 
outstanding thermal conductivity (6 W/m/K) and 
reliable thermal stability. Keep things cool with 
Rogers and COOLSPAN TECA fi lm.

www.rogerscorp.com

MACOM  Booth 131
2-stage GaN Plastic Power Module
MACOM’s MAMG-000912-090PSM is a 
2-stage GaN plastic power module optimized 
for pulsed radar applications. This module is 

fully matched and can 
deliver pulse power 
levels greater than 90 
W. The device operates 
between 960 and 1215 
MHz with 60% power-

added effi ciency in a 14 × 24 mm surface mount 
laminate package. This GaN module supports 
surface mount technology (SMT) assembly, 

®

Register Now!
Next Session runs  

October 6 2014- March 31 2015

www.besserassociates.com info@besserassociates.com

RF/Wireless Training Courses

San Jose • San Diego • Boston • On-Site • Web Classroom

www.besserassociates.com

®

Attend classes from anywhere!

EMC/Shielding/Grounding Techniques for 

Chip & PCB Layout 

Jan 21-25, 2013 - 90 minutes/day

RF Fundamentals

June 17-21,2013 - 90 minutes/day

Besser Associates

Web Classroom
SM

• RF and Wireless Simplifi ed: Concepts and 

Terminology 

• Monolithic Microwave Integrated Circuit 

(MMIC) Design 

• EMC/Shielding/Grounding Techniques for 

Chip & PCB Layout 

• Antennas & Propagation for Wireless 

Communications 

• Behavioural Modeling & Digital Pre-

Distortion of RF Power Amplifi ers 

• Practical Digital Wireless Signals 

• Power Conversion & Regulation Circuits for 

VLSI Systems 

• Applied RF Techniques I 

• Phase-Locked Loop and Frequency Synthesis 

Design 

• RF Measurements:Principles & Demonstration

• RF Power Amplifi er Techniques 

• Radio System Design - Theory and Practice

• DSP - Understanding Digital Signal 

Processing 

• Practical Digital Wireless Signals 

Measurements and Characteristics

Download our Schedule Brochure 
for dates, prices, and course 
descriptions.

RF Technology 
Certification

Besser Associates

TM

Introducing Besser Associates New Online 
RF Technology Certification

Target Audience:
Technicians and non-design engi-
neers as well as other professionals 
who need to have a solid background 
in the fundamentals of working with 
RF and wireless products. 

Summary:
This program provides a thorough 
understanding of RF analytical tools, 
communications signals, RF devices 
and test instruments. Starting with 
basic analytical tools such as the 
decibel scale, S-parameters and the 
Smith Chart, this program covers 
test instrumentation, RF compo-
nents, and modulation. A basic 
block diagram of a transmitter/
receiver chain forms the backbone 
of the course outline. Each compo-
nent is described, and the relative 
performance parameters defined. 
Key impairments are introduced as 

they become relevant to the op-
eration of the system. Basic system 
calculations are covered, as well as 
modulation formats and multiple 
access techniques.

Format:
The program consists of four ses-
sions spread out over a six month 
period. Each five to six week session 
consists of pre-recorded self-paced 
lectures and online workbooks 
combined with a live one to two 
hour Q&A/tutorial webcast with 
the instructor as well as forums. 
Each session concludes with a brief 
multiple-choice online test. The pro-
gram is equivalent to approximately 
40 hours of training. After finishing 
the program students will receive 
a signed certificate of completion.

1409.indd   1 8/11/2014   12:27:19 PM

__9M05 FINAL Proof.indd   193 8/28/14   8:59 AM

http://www.mwjournal-digital.com/mwjournal/september_2014/TrackLink.action?pageName=193&exitLink=http%3A%2F%2Fwww.freescale.com
http://www.mwjournal-digital.com/mwjournal/september_2014/TrackLink.action?pageName=193&exitLink=http%3A%2F%2Fwww.macom.com
http://www.mwjournal-digital.com/mwjournal/september_2014/TrackLink.action?pageName=193&exitLink=http%3A%2F%2Fwww.dowkey.com
http://www.mwjournal-digital.com/mwjournal/september_2014/TrackLink.action?pageName=193&exitLink=http%3A%2F%2Fwww.arworld.us%2Fhtml%2F18200.asp%3Fid%3D1232
http://www.mwjournal-digital.com/mwjournal/september_2014/TrackLink.action?pageName=193&exitLink=http%3A%2F%2Fwww.rogerscorp.com
http://www.mwjournal-digital.com/mwjournal/september_2014/TrackLink.action?pageName=193&exitLink=http%3A%2F%2Fwww.besserassociates.com
http://www.mwjournal-digital.com/mwjournal/september_2014/TrackLink.action?pageName=193&exitLink=mailto%3Ainfo%40besserassociates.com
http://www.mwjournal-digital.com/mwjournal/september_2014/TrackLink.action?pageName=193&exitLink=http%3A%2F%2Fwww.besserassociates.com
http://www.mwjournal-digital.com/mwjournal/september_2014/TrackLink.action?pageName=193&exitLink=http%3A%2F%2Fwww.besserassociates.com%2FSchedule.pdf
http://www.mwjournal-digital.com/mwjournal/september_2014/TrackLink.action?pageName=193&exitLink=http%3A%2F%2Fwww.freescale.com
http://www.mwjournal-digital.com/mwjournal/september_2014/TrackLink.action?pageName=193&exitLink=http%3A%2F%2Fwww.macom.com
http://www.mwjournal-digital.com/mwjournal/september_2014/TrackLink.action?pageName=193&exitLink=http%3A%2F%2Fwww.dowkey.com
http://www.mwjournal-digital.com/mwjournal/september_2014/TrackLink.action?pageName=193&exitLink=http%3A%2F%2Fwww.arworld.us%2Fhtml%2F18200.asp%3Fid%3D1232
http://www.mwjournal-digital.com/mwjournal/september_2014/TrackLink.action?pageName=193&exitLink=http%3A%2F%2Fwww.rogerscorp.com
http://www.mwjournal-digital.com/mwjournal/september_2014/TrackLink.action?pageName=193&exitLink=http%3A%2F%2Fwww.besserassociates.com
http://www.mwjournal-digital.com/mwjournal/september_2014/TrackLink.action?pageName=193&exitLink=mailto%3Ainfo%40besserassociates.com
http://www.mwjournal-digital.com/mwjournal/september_2014/TrackLink.action?pageName=193&exitLink=http%3A%2F%2Fwww.besserassociates.com
http://www.mwjournal-digital.com/mwjournal/september_2014/TrackLink.action?pageName=193&exitLink=http%3A%2F%2F1409.in


phase stability versus temperature (600 ppm) 
and versus bending. The PTFE wrapped cable 
of the Astro Boa Flex line with a typical loss of 
1.27 dB/m at 26 GHz is designed for space, de-
fence and test & measurement applications.

www.hubersuhner.com

INGUN Pruefmittelbau GmbH 
 Booth 157
HFS-823

A new development by 
INGUN with a fl ange 
and advanced spring-
loaded outer plunger is 

available for contacting switch connectors on 
routine tests. The inner conductor remains 
within the outer plunger during the complete 
testing phase and is therefore protected against 
side loading. Movements of the connection and 
the wire during work stroke are also avoided.
www.ingun.com

Pickering Interfaces  Booth 162
PXI Microwave Switch Modules

Pickering Interfaces 
expands its range of 
PXI microwave switch 
modules. Terminated 
SPDT switches have 18 
GHz frequency range 

and offer one or two relays and option of inter-
nal or external terminations. SPDT relay mod-
ules support from one to four SPDT relays, avail-
able in a variety of different frequency options; 
12.4 to 65 GHz, and a 75 �, 2.4 GHz version. 
Microwave transfer switches support either one 
or two transfer switches with frequency options 
of 18, 26.5 and 40 GHz. All modules now include 
LED indication of a closed signal path.

www.pickeringtest.com

API Technologies Corp.  Booth 177
Backshell Cable Assemblies

API Technologies 
Corp. now offers dura-
ble, low pressure over-
molded backshells on 
connector interfaces 
from its Electromag-

netic Integrated Solutions (EIS) product line. 
This simplifi ed backshell design is readily avail-
able and more cost-effective than its metal 
counterpart. Ideal for use in military, aerospace, 
high-end industrial, oil and gas, as well as medi-
cal applications, these durable, waterproof and 
weather resistant backshells offer improved re-
liability and a simplifi ed specifi cation process.
www.eis.apitech.com

Pasternack Enterprises Booth 180
Broadband Amplifi ers

Pasternack introduces 
new 1 and 2 W broadband, 
high gain amplifi ers, ideal 
for defense, EW/ECM, 
radar, SATCOM, and mi-
crowave radio applications 
from 2 to 18 GHz. These 
broadband, high gain am-

plifi ers have outstanding gain performance rang-
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Holzworth Instrumentation  Booth 146
HSX Series

Holzworth’s new HSX Series broadband fre-
quency sources exhibit industry leading phase 
noise and spectral purity performance coupled 
with a highly accurate dynamic range of +18 
dBm to -110 dBm. 1, 2, 3 or 4 channel models 
are available in a 1U form factor; each providing 
the ultimate in frequency accuracy, channel-to-
channel stability and phase coherency. The 
10 MHz to 6 GHz product is available in 2014, 
with 10 and 20 GHz models being made avail-
able by early 2015. Experience a demo at EuMW 
booth 146.

www.holzworth.com

Teledyne Relays  Booth 148
Coax Switches

Teledyne Coax 
Switches has prod-
ucts for test and 
measurement, medi-
cal, industrial, de-
fense (military) and 
space (HI-REL) ap-
plications. Teledyne 
products range from 
SPDT, transfer and 

multi-throw coaxial switches as high as 
SP10T. The switches are available to cover 
most of the RF spectrum from DC to 40 GHz 
and are available with SMA, mini-SMB, 
TNC, N or 7/16 connectors. In addition, 
Teledyne offers low passive intermodulation 
switches to achieve IP3 levels up to -165 dBc 
(select models) to switch microwave signals.
www.teledyne-europe.com

Teledyne Microwave
Solutions  Booth 148

ITAR-Free Products
TMS offers a com-
plete suite of ITAR-
Free products for 
Ka-Band systems 
specifi cally devel-
oped for legacy and 
new designs. Both 

up and down converters can electronically 
switch between commercial and military Ka/K-
Bands. By combining these converters with its 
standard SSPA, a full transceiver can be confi g-
ured operating over the 29 to 31 GHz transmit 
band and the 19.2 to 21.2 GHz receive band 
with 3 hermetically sealed modules.
www.teledynemicrowave.com

Rosenberger Hochfrequenztechnik 
GmbH & Co. KG  Booth 149
Calibration Kit

The new 75 V calibra-
tion kit from Rosen-
berger is designed for 
applications up to 12 
GHz. This high perfor-
mance calibration kit 
contains RPC-N open, 

short and broadband loads and enables mea-
surements in N 75 V applications. Additionally, 
measurements in BNC 75 V applications can 
also be realized when special adaptors RPC-N 
75 V to BNC 75 V (which are included) are 
used. For information in detail, a new product 
fl yer is available cost-free.
www.rosenberger.com

HUBER+SUHNER AG  Booth 157

Low Loss RF Cable
The new HUBER+SUHNER low loss micro-
wave cable assembly offers superior electrical and 

mechanical perfor-
mance for dynamic ap-
plications. This high-
end product, with an 
overall diameter of 5 
mm, provides optimal 
performance up to 29 
GHz and has excellent 

www.rk-microwave.com

Tel : +81-545-31-2600
Fax : +81-545-31-1600
E-mail : info@rkco.jp

R&K Company Limited
721-1 MAEDA, FUJI-City,

SHIZUOKA-Pref.
416-8577 JAPAN

200MHz / 200kW Pulse !!

       All Solid State Power Amplifier

R&K - A200BW0.4-8083RP
200MHz±0.2MHz ≧200kW･Pulse
Building Block Cunstraction

R&K - A200BW0.4-8083RP
200MHz±0.2MHz ≧200kW･Pulse
Building Block Cunstraction

R&K RF/MICROWAVE POWER AMPLIFIERS
for

EMC, Accelerator, Communications,
Plasma, Magnetic resonance, etc...
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OCTOBER 14-16 2014    www.emclive2014.com

A BRAND NEW, PRACTICAL,
ONLINE EMC EXPERIENCE

FEATURING WEBINARS, 
ROUNDTABLES AND VIDEOS

SAYING GOODBYE TO WIRES, AND HELLO TO A MORE EFFICIENT APPROACH TO POWERING UP
Date: Tuesday, October 14, 10:00 a.m. - 10:30 a.m.  Presenter: Kaynam Hedayat from WiTricity

OVERVIEW 
With trillions of dollars having been invested in electricity, it’s no secret that it’s a key mechanism for 
carrying out most of our operations and day-to-day activities. However, wires and batteries (the traditional tools 
for enabling electricity transfer) are cumbersome, and as the number of devices continues to increase,  
managing wires and identifying outlets will only become more difficult. Kaynam Hedayat of WiTricity will  
explain how wireless electricity addresses these challenges by providing a seamless, easy way to charge. 

RECOGNIZED BY THE IEEE AS CERTIFIED PROFESSIONAL DEVELOPMENT COURSES,  
ATTENDEES MAY EARN PDH CERTIFICATES FROM PARTICIPATION IN THE WEBINARS
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 EuMW Product Showcase Aisles 100-200
IMST GmbH 	 Booth 222
3D EM Solver EMPIRE XPU 7.0
EMPIRE XPU is a 3D EM solver for modeling 
antennas, microwave circuits, EM chip design 

and more. Due to its 
unique on-the-fly 
compilation EMPIRE 
is highly efficient and 
extremely fast on plain 
conventional hard-

ware using optimized algorithms. New features 
of EMPIRE XPU include a powerful and highly 
intuitive 3D graphical user Interface, a complete 
new 3D modeling kernel enabling fast import, 
modeling and meshing of large and complex ob-
jects, a near field source and a circuit simulator.
www.imst.com

Mini-Circuits
Coaxial Bandpass Filter
ZX75BP-1100+ is a wideband bandpass filter in 
a rugged connectorized package covering 1000 

to 1200 MHz. This is 
designed for asymmet-
ric rejection applica-
tions such as super-
heterodyne receivers. 
By having asymmetric 

band, faster roll-off at upper side band is achieved 
in a comparatively smaller package and lower pass 
band insertion loss. It has repeatable performance 
across lots and consistent performance across tem-
perature.

www.minicircuits.com

TTE Filters/Gowanda 	 Booth 219
RF & Microwave Filters
TTE Filters designs and manufactures high re-
liability RF and microwave filters for frequen-
cies from 0.1 Hz to 26 GHz. Custom designs are 
typically available within 2 weeks of order; 

lead-times of 3 to 5 
days are available on 
some products. Styles: 
bandpass, bandreject, 
lowpass, highpass, high 
power lowpass and cav-

ity designs; also diplexers and multiplexers. De-
sign capabilities: LC, combline and microstrip; 
topologies include Bessel, Butterworth, Cheby-
shev, Elliptical and Gaussian. TTE is now an 
affiliate of Gowanda Holdings, LLC.
www.tte.com

LPKF Laser & Electronics 	 Booth 220
PCB Prototyping System
The LPKF ProtoMat D104 is a rapid PCB proto-
typing system that features both mechanical 

tools and a UV laser 
beam. By combining 
mechanical and laser 
processing, a wide range 
of applications are possi-
ble. The laser can be 
used to etch fine line cir-

cuit traces on high frequency materials and ceram-
ics, while milling and drilling tools can be used to 
route boards and drill vias and through-holes.
www.lpkfusa.com

ing from 32 to 48 dB along with high linearity 
levels (IP3) of 39 to 42 dBm. The connectorized 
SMA amplifier modules are unconditionally sta-
ble and housed in hermetically-sealed casings. 
Each amplifier in this series is EAR99 (no export 
license required) and in-stock.

www.pasternack.com

Coilcraft 	 Booth 183
Ceramic Chip Inductors
At 0201 in size, the 0201DS series is one of the 
smallest wirewound chip inductors. It is of-
fered in 52 inductance values from 0.5 to 14 nH 
and in high Q values up to 64 at 1.7 GHz. The 
0201DS offers exceptionally high self-resonant 
frequencies greater than 24 GHz. It is also 
RoHS compliant and halogen free.
www.coilcraft.com

BeRex 	 Booth 219
MESFET Chips
The BeRex BCF-series of MESFET chips pro-
vides a lower phase noise and higher OIP3 linear-
ity in applications from DC to 26.5 GHz, than can 
be easily achieved with other technologies. These 
chips have a 0.3 µm gate length and are available 
with gate widths from 200 to 2400 µm (up to 1 W 
for the largest 2400 µm device). The BCF-series 
chips are produced in the U.S. using state of the 
art metallization and passivation for the highest 
possible reliability.
www.berex.com

Catch up on the latest  
industry news with the 
bi-weekly video update 

Frequency Matters
 from 

Microwave Journal

www.mwjournal.com/freqmatters

Sponsored By

Scan page
using           app

Collaboration driving 
European Defense
programs

Latest industry 
news

Three conferences at
European Microwave
Week

CTIA and
EuMW events

See us at EuMW Stand 112
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WR229
WRD580

p: 561-842-3550
f: 561-842-2196

Waveguide & Coaxial Switches
WR10 thru WR975

WR75

VALUE · QUALITY · FAST DELIVERY

LOGUS.comLOGUS.com

32nd

DI COAX SETUPS

www.damaskosinc.com

⚫Std Sizes  ⚫ Cal Stdʼs  ⚫ Loading Aids 

µ,ε, σ - MuEpsln™ sfwr
754 Fortune Crescent, Kingston, ON, K7P 2T3, Canada

Tel: 613 384 3939 -  Fax: 613 384 5026 
e-mail: info@astswitch.com

W W W . A S T S W I T C H . C O M

MICROWAVE SWITCHES FOR THE TELECOM INDUSTRY

WAVEGUIDE SWITCHES - COAXIAL SWITCHES - DUAL SWITCHES

WE ARE THE WAVEGUIDE &  COAXIAL SWITCH EXPERTS 
YOUR #1 SOURCE FOR MICROWAVE SWITCHES

QUALITY, SERVICE & QUICK DELIVERIES UNMATCHED IN THE INDUSTRY

MICRO-ADS

1x1mm MMIC Cascadable Absorptive 
Reflectionless Filters 

• 3rd-order Inverse Chebyshev response 
with excellent impedance match in pass-
band, stop-band and transition band 

• Ideal for RF/Microwave systems operating 
from DC to 40 GHz 

• Standard low-pass and high-pass designs 
cover 500 MHz - 24 GHz plus custom 
frequencies available upon request 

National Radio Astronomy Observatory 
1180 Boxwood Estate Rd, Charlottesville, VA  22903 

434-296-0236  tto@nrao.edu 
More detail & datasheet: 

www.nrao.edu/new/tt/reflectionless-filters 

• Absorbs spurious 
signals  

• Reduces cross-
channel coupling 

• Greater ampli-
tude, phase 
stability and 
linearity 

• Better out-of-
band termination 
of mixers and 
amplifiers 

MPB-2090
June 14, 2005
Set By: Janet
Colors: 4C
Size: micro
Format: live

SPECIAL HERMETIC PRODUCTS, INC.
PO BOX 269 – WILTON – NH – 03086
(603) 654-2002 – Fax (603) 654-2533

E-mail: sales@shp-seals.com
Web: www.shp-seals.com

S HP

REVOLUTIONARY 
HERMETIC SMP CONNECTORS

These SMPs meet the requirements of 
MIL-STD-348, but utilize unique housing 

interface features, which significantly improves
reliability and production assembly yields.

Proprietary techniques are used to independently
control plating thickness on pin and housing.

For use with Aluminum, Kovar 
and other package materials
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BookEnd

L ong Term Evolution (LTE) was 
originally an internal 3GPP 
name for a program to enhance 

the capabilities of 3G radio access net-
works. The nickname has now evolved 
to become synonymous with 4G. This 
book is about LTE-Advanced (LTE-
A) that fulfi lls the requirements set 
by the International Telecommunica-
tions Union (ITU).

The book provides a history of 
these systems starting with fi rst gen-
eration systems, along with an over-
view of a mobile telecommunications 

It provides an introduction to the 
world of LTE-A. It explains the LTE 
basics simply, oftentimes with a few 
examples pointing out how various is-
sues are interconnected.

system. The overview addresses the 
components in the system as well as 
their function. This resource guides 
telecommunications engineers though 
many important aspects of 4G includ-
ing the air interface physical layer, Ra-
dio Access Networks and 3GPP stan-
dardization. 

Introduction to 4G Mobile Com-
munications also covers the features of 
LTE-A such as energy saving, MIMO, 
relays, carrier aggregation, enhanced 
intercell interference coordination, 
evolved multimedia broadcast multi-
cast service, self-organizing networks, 
coordinated multipoint transmission/
reception and voice over LTE.  It ends 
with consideration toward future de-
velopments for 5G with coverage of 
the METIS Project.

This book is a good instructional 
piece for both students and engineers. 

Introduction 
to 4G Mobile 
Communications

Juha Korhonen

To order this book, contact:
Artech House

685 Canton St., Norwood, MA 02062
(800) 225-9977

or
16 Sussex St., London, SW1V 4RW, UK

+44 (0) 20 7596 8750
290 pages, $139 hardcover or ebook

ISBN: 978-1-60807-700-7

US:    Call   1-800-225-9977 (in the U.S. or Canada),  
or 1-781-769-9750, ext. 4030

 Fax to: 1-781-769-6334
 E-mail to: artech@ArtechHouse.com

UK:  Call +44 (0)20 7596 8750
 Fax to: +44 (0)20 7630-0166
 E-mail to: artech-uk@ArtechHouse.com

A R T E C H  H O U S E 685 Canton Street, Norwood, MA  02062  USA 

16 Sussex Street, London SW1V 4RW UKB O S T O N   L O N D O N

ARTECH HOUSE

For complete descriptions and to order, visit 

ArtechHouse.com
All orders plus shipping/handling and applicable taxes. 

NEW MicroWavE TiTlEs  
 

Practical  
Microwave Circuits
Stephen A. Maas

Hardcover. 352 pp. 
ISBN: 978-1-60807-800-4
$149 / £99

Control Components  
Using Si, GaAs, and 
GaN Technologies 
Inder Bahl
Hardcover. 324 pp.
ISBN: 978-1-60807-711-3
$179 / £119

Behavioral Modeling  
and Linearization of  
RF Power Amplifiers
John Wood

Hardcover. 378 pp.
ISBN: 978-1-60807-120-3
$159 / £109

See us at EuMW Stand 153A
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International Microwave Symposium
17-22 May 2015  •  Phoenix, AZ17-22 May 2015  •  Phoenix, AZIEEEIEEE MTT-SMTT-S

IMS2015  MUST ATTEND!
The 2015 IEEE MTT-S International Microwave Symposium (IMS2015) is the premier conference for the Microwave 
and RF Industries! With over 9,000 attendees and over 600 industrial exhibits of the latest state-of-the-art 
microwave products, Microwave Week is the world’s largest gathering of Radio Frequency (RF) and Microwave 
professionals and the most important forum for the latest and most advanced research in the area.

SUBMIT YOUR TECHNICAL PAPER  
TO IMS2015 TODAY!

EXPERIENCE ALL THE  
ADVANTAGES OF BECOMING  
AN EXHIBITOR AT IMS2015.

Technical Paper Submissions: Authors 
are invited to submit technical papers describing original 
work on radio-frequency, microwave, millimeter-
wave, and terahertz (THz) theory and techniques. The 
deadline for submission is 8 December 2014. Please 
refer to the IMS2015 website (www.ims2015.org) for 
detailed instructions concerning paper submission, as 
well as a complete list of technical areas. 

Become an Exhibitor: The 2015 IEEE MTT-S  
International Microwave Symposium is the world’s  
premier microwave event. It features a large trade  
show, technical sessions, workshops and panel  sessions 
covering a wide range of topics. Attendee  interests 
include wireless communication, radar,  RF technologies, 
high frequency semiconductors,  electromagnetics, 
commercial and military RF,  microwave and mm-
wave electronics, applications, and much more.  

FOR FULL CONFERENCE DETAILS VISIT
WWW.IMS2015.ORG 

IMS2015 EXHIBIT SPACE IS AVAILABLE.  
For reservation questions or  
further information contact:

The Exhibits Department at MP Associates, Inc.
tel: +303-530-4562  

exhibits@mpassociates.com

JOIN THE CONVERSATION: #IMS2015

See us at EuMW Stand 164
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Mini-Circuits®

www.minicircuits.com    P.O. Box 350166, Brooklyn, NY 11235-0003   (718) 934-4500   sales@minicircuits.com
519 rev K

0.25 to 6400 MHz     
Control your test setup via Ethernet or USB with a synthesized 
signal generator to meet your needs and fit your budget!  
The SSG-6400HS and the new SSG-6000RC feature 
both USB and Ethernet connections supporting HTTP and 
Telnet protocols, giving you more choices and more freedom.

Small enough to fit in your laptop case, all models provide 
sweep and hopping capabilities over frequencies and power 
levels and are designed for easy integration with other test 
equipment using trigger and reference ports.  They even 
feature built-in automatic calibration scheduling based on 
actual usage!

Our user-friendly GUI software, DLLs, and programming 
instructions are all included so you can control your SSG 
through our software or yours!  Visit minicircuits.com today 
to find the right model for your application!

 SIGNAL 
GENERATORS

To fit your budget. 

from

$1995ea.

USB & 
Ethernet 

 SSG-4000LH  $2,395
• 250 to 4000 MHz
• -60 to +10 dBm Pout
• Pulse modulation
• Low harmonics (-66 dBc typ.)
• USB control

 SSG-4000HP $1,995           

 SSG-6400HS  $4,995
•  0.25 to 6400 MHz
• -75 to +10 dBm output Pout
• AM, PM, FM, and pulse modulation
• USB and Ethernet control

 SSG-6000RC  $2,795                 
•  25 to 6000 MHz
• -60 to +10 dBm Pout
•  Pulse modulation
• USB and Ethernet control

 

New

• 250 to 4000 MHz
• High power, -50 to +20 dBm Pout
• Pulse modulation
• USB control

Models Available from Stock at Low Prices!
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1597 Galileo intro-
duced a geometric and 
military compass, which 
helped users perform 
arithmetic and geometric 
calculations, including 
taking square and cube 
roots.

1800 Alessandro 
Volta reported the first 
electric battery, originally 
called an “artificial elec-
tric organ”,  based on a 
stack of alternating zinc 
and silver disks separated 
by brine soaked cloth.

1805 Luigi Brugnatelli 
invents electroplating, a manu-
facturing technique used to 
create certain metal layers in 
MMICs/RFICs.

1844 Innocenzo Man-
zetti conceives the idea of a 
telephone. Considered by 
many as the inventor of the 
telephone, he is believed to 
have made one in 1864, as an 
enhancement to an automaton 
he built in 1849. 

MicrowaveJournal’s 

Invenzione [inven-tsjone]
An Invenzione (invention) is a single device or a novel method, process or 
composition. It is a process within an overall engineering and product devel-
opment process. It may be an improvement on a machine or product, or a 
new process for creating an object or a result.

1954 Propylene 
was first polymerized 
to a crystalline isotactic 
polymer by Giulio Natta. 
This pioneering discov-
ery led to large-scale 
commercial production 
of isotactic polypropyl-
ene by the Italian firm 
Montecatini from 1957 
onwards. 
 
1969 Federico 
Faggin produced the 
world’s first commercial 
integrated circuit using 
Silicon Gate Technology 

with self aligned MOS transis-
tors while working at Fairchild 
Semiconductor.

STEM W  rks

1871 Antonio Meucci 
files patent caveat No. 3335 
in the U.S. Patent Office titled 
“Sound Telegraph”, describ-
ing communication of voice 
between two people by wire.

1895 Guglielmo Mar-
coni proved the feasibility of 
radio communication sending 
and receiving the very first 
radio signal.

1903 Luigi Bezzera 
invented the espresso machine 
to speed up the coffee mak-
ing process and keep hard 
working engineers fueled up 
on caffeine for all night work 
sessions.

STEM Works recognizes  

for its support of  
science education.
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Characterizing  
multiport devices? 
Time to speed up
your production 
Characterizing multiport devices in production and develop-
ment has never been easier. Rohde & Schwarz offers a large 
portfolio of network analyzers for parallel measurement  
and control of one DUT with many ports or many DUTs  
with a few ports.

❙	Up	to	24	test	ports	for	ultimate	speed	and	parallel	testing	 
 with the new ¸ZNBT8 vector network analyzer
❙	Up	to	48	test	ports	with	switch	matrices	controlled	directly	 
 by the ¸ZNB vector network analyzer
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Absorptive Filters
Low  Pa s s H i gh  Pa s s Band  Pa s s

Out-of-Band Signals are NOT reflected back to the source.

Werlatone Absorptive Filters Eliminate:
• Instability of power amplifiers at out-of-band frequencies.
• Excessive In-Band ripples due to out-of-band reflected energies.
• False trigger of power detector circuitry due to reflected harmonics.

* Additional information available. Please contact Werlatone directly. 

Out-of-Band 
Signals

Internal Termination

Out-of-Band 
Signals

Input
(J1)

Output
(J2)

Innpuputt
(J1)

Ouutptputut
(J2)

* Input / Output Characteristic Impedance: 50 Ω

In-Band Signals

NON-Reflective!

O

Model AF9349

* A

Model AF9313
We
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W
• 
• 
• 

W

Model AF9313

Low  Pa s s

Model AF9349

Model AF9350

Werlatone, Inc.   17 Jon Barrett Road Patterson, NY 12563   (845) 278-2220   www.werlatone.com   sales@werlatone.com

Additional information available. Please contact Werlatone directly. Werlatone AFrequency (MHz) VSWR

AF9673

AF9438

AF9349

AF9255

AF9187

AF9350

AF9960

AF9680

AF9313

Stop Band

50

50

50

50

45

45

45

60

53

Pass Band

0.4

0.5

0.4

0.6

0.5

0.5

0.5

0.6

0.6

Pass Band

1.40:1

1.30:1

1.35:1

1.25:1

1.40:1

1.25:1

1.25:1

1.25:1

1.30:1

Stop Band

1.40:1

1.60:1

1.60:1

1.60:1

1.90:1

1.60:1

1.60:1

1.60:1

1.60:1

Power (W CW)
Pass Band

1,200

5,000

500

50

100

400

600

160

100

Stop Band

150

250

25

10

10

25

25

10

10

Pass Band

1-2.7

1-30

10-150

10-170

10-490

10-500

10-500

10-520

10-870

3dB Corner

3.5

32

200

220

620

540

540

540

1340

Model Insertion Loss(dB) Rejection(dB)
Stop Band

3.9-32

50-380

270-1500

300-1500

850-3000

750-3000

750-3000

1040-3000

1700-4000

* Specifications are for reference only and subject to change without notice.

• Potential damage to power amplifiers due to reflection of high 
 power out-of-band energies.

• Electrical Specifications are less susceptible to temperature change.
• Reduces the dependency of the system on the length of  
 interconnecting cable between two non-perfect components.

• Out-of-Band signals are internally terminated.
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